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Phosphorus Sources in Gold Creek, a Tributary of the Clark 
Fork River in Western Montana (109 pp.)
Gold Creek, a tributary of the Clark Fork River in western 
Montana, has regularly exceeded the Environmental Protection 
Agency's total phosphorus (TP) water quality criterion of
0.050 mg/1 since monitoring began in 1988 and often exceeds
0.100 mg/1 during late summer and fall. Gold Creek drains 
forested uplands and lower elevations of irrigated fields 
and pastures. Cattle manure, fertilized hay fields, 
sediment erosion, and septic tanks are possible 
anthropogenic sources of P. Geologic P sources include the 
Permian Phosphoria Formation and volcanics that are mixed 
with Cretaceous and Tertiary sediments.
The intent of this study was to determine if the high P 
levels in Gold Creek have an anthropogenic source. Samples 
were collected twice monthly from April to October, 1990, 
from Gold Creek's mainstem, tributaries, and springs, and 
analyzed for soluble reactive phosphorus (SRP), TP, and N. 
Discharge, pH, and conductivity were measured and fall 
baseflow samples were analyzed for Si and F, two elements 
expected to correlate positively with SRP of geologic 
origin. Groundwater samples were collected from ten 
domestic wells. Bank sediments suspected of releasing SRP 
when eroded by cattle and irrigation diversions were 
collected for SRP extraction.
The results indicate that much of the SRP is from an 
unidentified geologic source. Gold Creek appears to be 
receiving groundwater rich in SRP and other dissolved solids 
that is surfacing where the mountain mass meets the valley 
fill material. Groundwater samples and springs above the 
influence of human activity were high in SRP (0.034-0.524 
mg/1). SRP correlated positively with Si, F, and 
conductivity, but did not correlate with N. SRP levels in 
the stream increased as discharge decreased and the SRP/TP 
ratio in the mouth of Gold Creek during summer low flows was
0.8 to 1.0. The sediment in two tributaries fed by P-rich 
springs had extractable SRP, and irrigation practices and 
erosion by cattle appear to influence SRP loads in these 
creeks.
SRP in the Clark Fork River significantly increased below 
Gold Creek although the increase averaged only 0.001 mg/1. 
Hence, geologic P sources contribute to the nuisance algae 
problem in the upper Clark Fork River.
Director: Vicki Watson
ACKNOWLEDGEMENTS
I would like to thank everyone who knows and cares about 
Gold Creek, including the owls and the moose and the 
ranchers.
This thesis would not have gotten off the ground without 
my advisor, Vicki Watson, who was always there to give 
advice, encouragement, humor, perspective, and even 
financial support.
Many thanks to my hardcore field assistant, David Jones, 
who waded raging currents, fended off bulls, plunged his 
hands into icy water, and, after all that, even married me.
Thank you to my committee members Bill Woessner and 
Nancy Hinman who made sure the science did not get lost from 
the environmental fever.
I would also like to thank the Environmental Studies 
Department for their commitment to free-thinking students. 
And Tom Roy gets kudos for keeping the heat on.
Finally, I'd like to thank the entertainment committee, 
Claudia Schmidt, Dwight Yoakum, and Holly Near, to name a 
few, who accompanied me along the journey to and from Gold 
Creek.
iii
TABLE OF CONTENTS
Abstract..................................................... ii
Acknowledgements.......................................... iii
Table of Contents......................................... iv
List of Tables.............................................v
List of Illustrations..................................... vi
Background................................................. 1
Water Quality and Nutrient loads in the Upper
Clark Fork River................................. 1
Gold Creek Geography, Geology, and Hydrology....... 5
Geologic and Anthropogenic Sources of Phosphorus
in the Gold Creek Basin......................... 15
Distinguishing between Geologic and Anthropogenic
Sources of Phosphorus........................... 20
Study Design and Methods.................................. 22
Water Sampling....................................... 22
Sediment Collection and SRP extraction Methodology..24 
Analytical Methods................................... 26
Results and Discussion.................................... 29
General Water Chemistry of the Gold Creek Basin 29
Phosphorus in Surface Water......................... 34
Nitrate in Surface Water.............................47
Nitrate and Phosphorus in Groundwater...............47
Relationship between Silica and Phosphorus......... 48
Relationship between Fluoride and Phosphorus....... 55
Solubility of Apatite and the Phosphoria Formation..59
Phosphorus Loading to Gold Creek.....................62
Sediment..............................................74
Gold Creek Impacts to the Clark Fork River......... 81
Regional Implications................................83
Cone lusions................................................ 85
Recommendations............................................92
References Cited...........................................95
Appendix A. Interferences with Analytical Methods...... 101
Appendix B Bimonthly Monitoring Data................... 105
iv
LIST OF TABLES
Table Page
1. Analytical methods and Limits of Quantification
and Limits of Detection.............................. 27
2. Groundwater and surface water chemistry in the
Gold Creek Basin during fall baseflow............... 31
3. Fall baseflow water chemistry for three wells 
in the Gold Creek Basin and the mouth of Gold
Creek................................................. 32
4. Average SRP concentrations for tributary stations
and springs from April to October, 1990............. 36
5. Average ratio of SRP to TP for mainstem and 
tributary stations in the Gold Creek Basin.......... 37
6 . Silica concentrations for selected stations on
two sampling days in the Gold Creek Basin........... 51
7. Fluoride concentrations from two sampling days in
the Gold Creek Basin................................. 51
8 . Median SRP desorbed per gram sediment for 4 sites..*79
9. Percent organic matter, pH, and textural analysis
for composite sediment samples at each site......... 79
APPENDIX A
Table Page
1. P in mg/1 analyzed by two different methods........ 103
v
LIST OF ILLUSTRATIONS 
Figure Page
1. The Upper Clark Fork River Basin and its major
tributaries........................................... 2
2. Upper Clark Fork River mean dissolved phosphorus
concentrations........................................ 4
3. The Gold Creek Basin.................................. 6
4. Geology of the lower Gold Creek Basin................8
5. Surficial and subsurface location of the 
Phosphoria Formation in and near the Gold
Creek Basin........................................... 9
6 . Irrigation canals in the Gold Creek Basin............14
7. Location of water sampling stations in the Gold
Creek Basin........................................... 30
8 . The concentrations of HCO3, Ca, Si, F, SRP for
10/20/90 on the mainstem of Gold Creek.............. 33
9. SRP, TP, and flow for 23 sampling days at the mouth
of Gold Creek (station AU6).......................... 39
10. SRP, TP, and flow for 12 sampling days at station
PP2 along Pikes Peak Creek........................... 40
11. SRP, TP, and flow for 8 sampling days at station
SQ2 in Pioneer Gulch................................. 41
12. Location of irrigation canals that are routed over
and through lower Griffen Creek......................46
13a. Association between Si and SRP in surface water in
the Gold Creek Basin................................. 52
13b. Association between Si and SRP in groundwater in
the Gold Creek Basin................................. 54
14a. Association between F and SRP in surface water in
the Gold Creek Basin................................. 56
14b. Association between F and SRP in groundwater in
the Gold Creek Basin................................. 57
vi
15a. Approximate contributions of tributaries and
groundwater to surface flow and SRP load in the 
Gold Creek Basin in April 1990.......................64
15b. Approximate contributions of tributaries and
groundwater to surface flow and SRP load in the 
Gold Creek Basin in May 1990......................... 66
15c. Approximate contributions of tributaries and
groundwater to surface flow and SRP load in the 
Gold Creek Basin in June and early July 1990........67
15d. Approximate contributions of tributaries and
groundwater to surface flow and SRP load in the 
Gold Creek Basin in late July, August, September, 
and early October 1990............................... 69
15e. Measured contributions of tributaries and
groundwater to surface flow and SRP load in the 
Gold Creek Basin on October 20, 1990................ 71
16. A comparison between the percent of Clark Fork 
River flow from Gold Creek and the percent of
Clark Fork River SRP load from Gold Creek........... 73
17. Association between Si and SRP in Flint Creek....... 84
• •v n
BACKGROUND
WATER QUALITY AND NUTRIENT LOADS IN THE UPPER CLARK FORK 
RIVER
Concern about nuisance algae in the Clark Fork River led 
the State of Montana to conduct a three year water quality 
assessment of the Clark Fork River Basin beginning in the 
summer of 1988. The goal of the study was to identify the 
point and nonpoint sources of nutrients to the Clark Fork 
River that are believed to contribute to excessive growth of 
algae (MDHES, 1990). During the first year of study, Gold 
Creek, a tributary of the upper Clark Fork River (Figure 1), 
was identified as having significantly elevated phosphorus 
concentrations relative to other Clark Fork tributaries and 
the river's mainstem (Ingman and Kerr, 1989). In fact, 
since monitoring began in July of 1988, Gold Creek has 
regularly exceeded the total phosphorus EPA water quality 
criterion (0.05 mg/liter) for the control of nuisance algae.
Gold Creek had the highest areal dissolved inorganic P 
load (7.3 kg/km2/yr) of the upper Clark Fork River's 
tributaries (Ingman, 1991). The second highest load (4.6
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Figure 1. The Upper Clark Fork River Basin and its major 
tributaries.
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kg/km2/yr) was from an intensively managed agricultural 
region. Ingman and Kerr (1989) found much of the P in Gold 
Creek to be soluble reactive phosphorus (dissolved inorganic 
P) which is considered to be a good estimator of 
bioavailable P (Chamberlain and Shapiro, 1973; Nurnberg and 
Peters, 1984). Because of its flow relative to that of the 
Clark Fork, Gold Creek's load of bioavailable P may 
influence the nutrient concentration and algae growth in the 
Clark Fork.
Near Anaconda, Montana, several creeks join to form the 
Clark Fork River which then flows north through the Deer 
Lodge Valley. The Deer Lodge sewage treatment plant 
discharge increases the Clark Fork mean dissolved P 
concentrations dramatically (Figure 2). The dissolved P 
concentrations begin to drop as the river moves downstream 
and west from Deer Lodge because of algal uptake and 
dilution by the Little Blackfoot River, but concentrations 
still remain high for approximately 75 miles downstream of 
Deer Lodge. When a sample site is included above Gold Creek 
(river mile 58), the dissolved P concentrations in the Clark 
Fork River sometimes actually increase after Gold Creek. 
Flint Creek also has higher dissolved P concentrations than 
the Clark Fork (Ingman and Kerr, 1989; Ingman, 1991) and 
may, along with the City of Drummond, contribute to the 
continuing elevated dissolved P concentrations downstream 
from Gold Creek.
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Figure 2. Upper Clark Fork River mean dissolved phosphorus 
concentrations for July 1989-June 1990 (adapted from Ingman, 
1991).
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The identification of Gold Creek as an important source 
of P has led to several important questions: 1) Is the 
source of bioavailable P geologic, anthropogenic, or both?
2) Is the P load in Gold Creek measurably influencing P 
levels in the Clark Fork River? 3) If so, is there any way 
to reduce the P load in Gold Creek? The intent of my 
research was to address these three questions.
GOLD CREEK GEOGRAPHY, GEOLOGY, AND HYDROLOGY
The Gold Creek Basin (Figure 3), at the north end of the 
Flint Creek Range, occupies 173.5 square kilometers and 
ranges in elevation from 9359 feet (Pikes Peak) to 4200 feet 
at Gold Creek's confluence with the Clark Fork River. The 
forested uplands are part of the North End Planning Unit of 
the Deer Lodge National Forest. Current human uses in the 
uplands are primarily recreation, logging, cattle grazing, 
and mining. The lower elevations are mostly private land 
used for hay production, winter pasture, and country homes.
I will frequently refer to the upper and lower Gold Creek 
Basins with the division being approximately at the 5000 ft 
elevation contour.
Geology
The Gold Creek Basin contains a variety of Paleozoic to 
Recent-aged rocks. Gold Creek drains the north end of the
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Figure 3. The Gold Creek Basin.
Flint Creek Range which is a series of Tertiary granitic 
plutons. Pikes Peak and Rose Mountain, in the Gold Creek 
Basin, are part of the Royal Stock Pluton. Paleozoic 
limestones and sandstones and Mesozoic (primarily 
Cretaceous) sandstones, siltstones, and limestones are 
tightly folded surrounding the pluton and are intruded by 
diorite sills. Tertiary lake beds are abundant in the lower 
elevations along with glacial material derived from granitic 
and sedimentary rocks in the upper basin.
The Drummond area has been mapped by Gwinn (1961) and 
the Flint Creek Range by Mutch (1961). Figure 4 (after 
Loen, 1989) is a geologic map of the lower Gold Creek Basin. 
Figure 5, primarily concerned with the Permian Phosphoria 
Formation, also contains a schematic geologic cross-section 
(simplified from Mutch, 1961) from Rose Mountain to the 
lower Pikes Peak drainage.
A major deformational episode occurred during the 
Laramide Orogeny and produced folds, thrust faults, 
shearing, and metamorphism. The Paleozoic and Mesozoic 
sedimentary rocks, exposed in the upper elevations, are 
tightly folded (Swanson, 1973). A major north-south 
trending structure, the Gold Creek Syncline, is abruptly 
truncated by the Royal Stock Pluton. Contact metamorphism 
and hydrothermal alteration occurred in the sedimentary rock 
surrounding the pluton.
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The lower elevations are dominated geologically by late
Tertiary lake beds, the remains of a basin fill up to 625 *
meters thick, known collectively as the Cabbage Patch lake 
beds (Rasmussen, 1977). These late Oligocene and early 
Miocene sediments consist of tuffaceous volcanic material 
deposited in fluvial, lacustrian, and paludal environments 
(Rasmussen, 1977). The major constituents of these bench- 
forming deposits are quartz, calcite, and montmori1 Ionite 
(Swanson, 1973). Miocene conglomerates cap some of the 
benches. The Cabbage Patch lake beds outcrop in the Clark 
Fork River Basin from Gold Creek to Flint Creek. The 
deposits are probably present in the subsurface in much of 
the Deer Lodge and Flint Creek Basins (Rasmussen, 1977).
Three episodes of glaciation occurred during the 
Quaternary and left glacial till and outwash deposits along 
the Gold Creek valley floor. The early glacial material is 
characterized by younger sedimentary rocks, the middle by 
metamorphic rocks, and the late glacial material by granitic 
boulders and hydrothermally altered limonitic rock (Pardee, 
1951; Rowan and Segal, 1989). The glacial deposits were 
mined extensively for gold from the 1870's to the mid 1900's 
(Pardee, 1951). Dredging remains are prominant along the 
creek bottoms, especially at Pioneer Gulch where nearly one- 
third square mile of land is covered with piles of boulders 
and gravel. (These tailings are mapped on Figure 4.) Hard
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rock mining continues in the upper elevations for gold, 
zinc, copper, and other precious metals.
Thin bands of the Phosphoria Formation, contained within 
the Permian strata, outcrop in the upper Gold Creek Basin 
and the formation underlies some of the lower basin (Figure 
5). The formation has not been mined in the Gold Creek 
Basin because it outcrops in a structurally complex zone 
where the Gold Creek Sync line is truncated by the Royal 
Stock Pluton (Swanson, 1973). The Permian rocks are 
strongly sheared and indurated where they outcrop and too 
far beneath the surface to economically extract elsewhere in 
the basin (Swanson, 1973). The formation is mined north of 
the Clark Fork River (Garrison District) and in the Flint 
Creek drainage (Elliston District).
Hydrology
Rainfall in the North End Planning Unit of the Deer 
Lodge National Forest (the upper Gold Creek Basin) averages 
23 inches, but most of the lower basin receives 10 to 20 
inches (USDA, 1976). There is currently no USGS gaging 
station on Gold Creek, but a station that operated from 1963 
to 1966 measured daily flows ranging from 2.3 to 395 cubic 
feet per second (cfs) with a yearly mean of about 30 cfs. 
Recent measurements fall within this range. The 
predominantly low energy north slopes serve to moderate 
flows, and peak runoff usually occurs in mid-June (USDA,
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1976). The headwaters of Gold Creek were once dammed, but 
the dam is no longer operational.
Pikes Peak Creek, the largest tributary of Gold Creek, 
drains only 26.55fc of the total basin (46 km2), but 40% of 
the elevations above 7000 ft in the upper Gold Creek basin 
are in the Pikes Peak drainage. Because the 7000 to 8000 ft 
elevation zone of winter snow accumulation accounts for 605fc 
of the calculated annual yield in this region (USDA, 1976), 
Pikes Peak Creek may account for a third or more of the 
total flow in Gold Creek. For approximately eleven months 
of the year, however, Pikes Peak Creek flows into caverns in 
the Madison Limestone of Pennsylvanian age, before reaching 
Gold Creek. Except for June, the creek below the caverns is 
dry for four miles; the lower reaches are rejuvenated by 
groundwater. In June the flow of water is too great for the 
cavern to handle and the creek flows its entire length.
Numerous springs surface in the lower basin, frequently 
at the geologic contact between the Cabbage Patch lake beds 
and other units. Some of these springs are typical contact 
springs in which permeable rock (glacial outwash and 
alluvium) overlies less permeable rock (lake beds) such that 
water moving through the upper unit cannot all be 
transmitted through the lower unit (Fetter, 1988). Springs 
also occur, however, where the lake beds overlie Cretaceous 
sedimentary rocks.
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Springs that vary seasonally in flow tend to have local 
recharge from precipitation or snow melt (Fetter, 1988).
Some springs in the Gold Creek Basin increase considerably 
in flow during June and July, suggesting they are being 
recharged by upper basin snow melt. Some of the water 
entering the cavern on Pikes Peak Creek may resurface in the 
lower basin. Gold Creek is a gaining stream in the lower 
basin in late summer and fall below the confluence with 
Pikes Peak Creek, and the groundwater it receives may also 
originate in the Pikes Peak drainage.
Irrigation
The hay fields and pastures of the lower basin are 
heavily irrigated, predominantly by flood irrigation.
Figure 6 shows the major irrigation canals in the Gold Creek 
Basin (Sources for the figure are field observations and the 
1959 State Engineer's Water Resources Survey for Powell 
County). Most canals are in use and all are unlined. Some 
of the Gold Creek water is transferred out of the basin to 
irrigated land along the Clark Fork River downstream from 
Gold Creek. Some tributaries serve as irrigation conduits 
for short distances.
14
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GEOLOGIC VERSUS ANTHROPOGENIC SOURCES OF PHOSPHORUS IN THE 
GOLD CREEK BASIN
<
A preliminary study conducted by myself in the fall of 
1989 found evidence that the high concentration of P in Gold 
Creek might be from a geologic source. The possible 
anthropogenic sources of P in Gold Creek are limited to 
septic tanks, cattle manure, fertilized hay fields, and 
sediment erosion. The current uses and impacts are very 
similar to other upper Clark Fork Basin tributaries which do 
not have such unusually high P concentrations.
Several springs with elevated dissolved P occur upstream 
from the potential pollution sources in the Gold Creek Basin 
and indicate that the dissolved P may exist naturally in the 
groundwater. Also, during low flow periods of the year, the 
dissolved P concentrations are higher. Because the ratio of 
groundwater to surface runoff generally increases during the 
summer and fall low flows, groundwater may be responsible 
for this dissolved P-discharge relationship.
Many studies of P transport from watersheds have been 
conducted in areas with high precipitation and intense land 
use. Generally, sediment erosion from agriculture land and 
intense manure concentrations are the major sources of P 
pollution in rural watersheds (Logan, 1982; Johnson, 1976; 
Reddy, 1978). In addition, drainages with higher runoff
16
generally have higher P export (Grobler and Silberbauer, 
1985).
It is not known whether these generalities can be 
applied to the drier snow-dominated mountain region where 
snow melt followed by flood irrigation is the primary source 
of water for fields. In one study in western Canada, snow 
melt accounted for 85% of the total runoff from agricultural 
fields and dissolved P concentrations in the runoff 
sometimes exceeded the Saskatchewan Water Quality Criterion 
of 0.15 mg/1 (Nicholaichuk and Read, 1978). In a dry region 
study in Oklahoma, Menzel et al (1978) found that the 
dissolved P export from plowed cropland was much higher (5- 
20 times) than the average dissolved P export from 
grassland.
Theoretically, the Gold Creek Basin should have minor P 
loss from the land because 1) there is no plowed 
agricultural land which exposes bare fertilized soil to 
potential runoff during rainfall and snow melt, 2) there is 
no feedlot or dairy which concentrates manure, and 3) it is 
a dry climate. The most susceptible times for P export to 
Gold Creek should be either in the early spring when the 
snow melts in the lower basin and water runs off winter 
pastures maximally charged with cattle manure and/or in the 
late spring when snow melts in the mountains and peak runoff 
erodes bank and bed sediment from Gold Creek.
1?
In the literature, the relationship between dissolved P 
concentrations and discharge is variable. Johnson et al 
(1976) studied P transported by high runoff events in a 
rural watershed. During storms, they found that the 
dissolved P concentration, attributed to pasture runoff and 
sediment erosion, increased as discharge increased. On the 
other hand, Bryon and Goldman (1989) found that the 
dissolved P levels varied independent of discharge. Pringle 
and Triska (1991) found that P concentrations originating 
from geologic sources increase as surface water discharges 
decrease. Based on Water Quality Bureau data, the 
dissolved P concentration in Gold Creek also appears to 
increase as the flow decreases, suggesting a geologic source 
and possibly eliminating the high runoff sources such as 
sediment or manure.
Ingman (personal communication) pointed out that there 
was a high ratio of SRP1 to TP1 in the Gold Creek water and 
that this might indicate a geologic source. When P is from 
sediment erosion, generally much of it is in the particulate
^Soluble reactive phosphorus (SRP), is measured on a 
filtered water sample and total phosphorus (TP) is measured 
on an unfiltered sample that is digested in sulfuric acid 
and ammonium persulfate to release P from organic material 
and sediment. Phosphorus is a complicated element in water 
with 17 important inorganic forms and a large number of 
organic phosphates (Snoeyink and Jenkins, 1980). The exact 
forms that are measured as SRP and TP are unknown, but they 
are generally considered to represent dissolved inorganic P 
and the combination of dissolved inorganic, particulate 
inorganic, and organic P respectively (Harwood and Hattingh, 
1973).
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form (Grober and Silberbauer, 1985). However, streams that 
have point source sewage effluents usually have a SRP/TP 
ratio of 0.6 to 0.9 because sewage effluent "is usually in 
the dissolved state" (Grober and Silberbauer, 1985). In 
addition, manure used for fertilizer increases the soluble 
fraction of P in runoff (Reddy et al, 1978). Therefore, 
both a geologic inorganic source and manure could be 
producing the high SRP fraction in Gold Creek.
In addition, while Gold Creek ranked dumber first) in kg 
of P per km2 per year, it was 19th out of 23 in kg of 
nitrate/km2/yr (Ingman, 1991). If manure, fertilizer, or 
septic tank seepage were contributing most of the SRP, they 
would also be contributing significant nitrate (Golterman, 
1973).
While in most unpolluted rivers, the natural or 
background P concentration is very low (Meybeck, 1982), 
there is growing evidence that some natural unpolluted 
waters do have high concentrations of dissolved P. For 
instance, Golterman (1973) describes high P levels in 
unpolluted drainages in Africa; Timperley (1983) found high 
P (up to 0.326 mg/1) in unpolluted springs draining a 
volcanic plateau in New Zealand; and Pringle and Triska 
(1991) and Pringle et al (1990) found high P (up to 0.301 
mg/1) in unpolluted tropical watersheds in Costa Rica.
All of these authors attribute the high P to dissolution 
of P-rich rock, namely volcanics. Volcanics can contain
19
appreciable quantities of apatite (Golterman/ 1973). Dillon 
and Kirchner (1975) claim that watersheds composed of 
volcanics can export 15 times as much P as plutonic 
watersheds.
Geothermal waters/ such as the Yellowstone hot springs/ 
also have elevated P concentrations (0.060 mg/1) (Stauffer/ 
1980). Reeder et al (1972) attributed geothermal waters and 
volcanics to the slightly elevated dissolved P found in some 
tributaries of the Mackensie River in Canada. Meybeck 
(1982) also notes that Iceland has higher phosphate in 
natural waters which "probably reflects the influence of 
active volcanism and volcanic rock weathering."
There are several potential geologic P sources in the 
Gold Creek Basin/ the most obvious being the Phosphoria 
Formation which contains carbonate fluorapatite (Swanson/ 
1973). In addition/ volcanics mixed in with the Tertiary 
Cabbage Patch lake beds and some Cretaceous sediments may be 
rich in P. Finally/ the soils in the Gold Creek Basin were 
likely formed from these geologic parent materials 
potentially high in P. While no hot springs exist in the 
Gold Creek Basin/ they do exist on a regional scale/ and the 
P may also be from deep groundwater circulation mixing with 
geothermal waters.
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DISTINGUISHING BETWEEN GEOLOGIC AND ANTHROPOGENIC PHOSPHORUS
Although there is no fail-safe method, several 
researchers suggest how to distinguish between geologic and 
anthropogenic P. The most common method is to look for 
another element which should be positively associated with 
geologically weathered P, but not with anthropogenic P. Or 
conversely, look for an element that is positively 
associated with anthropogenic P, but not geologic P. As 
mentioned before, Golterman (1973) claims that most 
anthropogenic P is accompanied by high nitrates since 
nitrate is also found in sewage and fertilizer and is, in 
fact, much more readily leached from these sources than is 
P. Conversely, Golterman (1973) and Pringle et al (1990) 
suggest concomitant high Si and P indicate a geologic P 
source because silica almost always has a geologic, mineral 
source.
The trace elements, fluoride, strontium, and uranium are 
commonly tied up with P in the mineral apatite, the primary 
source of geologic P (Altshuler, 1973). Of these three, 
fluoride is most practical to look for because it exists in 
higher concentrations and the analytical procedure for 
fluoride is relatively simple and inexpensive. Uranium 
would otherwise be a useful element to compare to P in Gold 
Creek water because uranium is an important trace element in
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the Phosphoria Formation. Timperley (1983) found a positive 
association between phosphorus and fluoride in spring waters 
draining a volcanic plateau in New Zealand and used this 
relationship to conclude that the P was of geologic origin.
Davis and Zobrist (1978) suggest another distinction 
between geologic and anthropogenic P: if the element has a 
fairly constant load per unit time independent of discharge, 
it is a point source (probably anthropogenic); if it has a 
fairly constant concentration so that the load transported 
per unit time increases as discharge increases, it is a 
natural (background) or non-point source; and if it is 
associated with high flow runoff events, then it could be a 
diffuse non-point source of either geologic or anthropogenic 
origins. While these discharge-load relationships are 
broad generalities, it may be useful to look at the Gold 
Creek discharge-load relationships.
STUDY DESIGN AND METHODS
In order to determine if the P in Gold Creek is geologic 
or anthropogenic, I investigated 1) the concentration, load, 
and seasonal variation of P, and 2) the possible 
associations between P and the elements F, Si, and N. In 
addition to looking for specific relationships between P, 
discharge, and other elements, I also qualitatively 
investigated possible P sources by sampling upstream and 
downstream of suspect human activities.
WATER SAMPLING
In order to determine where P entered Gold Creek and how 
quantities changed with season and flow, I undertook a 
bimonthly monitoring program on the Creek and its 
tributaries from April 1990 to October 1990. Sampling times 
were designed to overlap spring high flows, the irrigation
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season, and late summer and early fall low flows.
I sampled 31 stations (14 regularly), including 6 on 
Gold Creek and the rest on tributaries and springs. Over 
the summer, additional stations were selected and several 
original stations were dropped temporarily because of lack 
of water or were sampled only monthly because of consistent 
P levels. Several springs were only sampled once. The 
Clark Fork River was sampled every two weeks above and below 
Gold Creek to see how much Gold Creek influenced the SRP 
concentrations in the Clark Fork River during the main algae 
growing season.
At each station a filtered and unfiltered sample were 
taken for SRP and TP analysis. All equipment that contacted 
samples was soaked in acid overnight and then rinsed three 
times with deionized water. Samples were filtered through 
a 0.45 micron Gelman GN6 filter covered with a glass fiber 
filter. On those occasions when filtered samples were also 
analyzed for nitrates (7/18, 8/17, and 10/20), a Nucleopore 
PC filter was used to minimize nitrate contamination. On 
9/4/90 and 10/20/90 additional filtered samples were taken 
for fluoride analysis and on 10/20/90 filtered samples were 
also taken for Inductively Coupled Argon Plasma (ICAP) 
analysis and alkalinity analysis.
At each station discharge was measured by using an 
electronic flow meter to measure the velocity at one foot 
intervals along a cross-section of the stream. Discharge
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was estimated where 1) flows were too small for the flow 
meter to function properly, 2) flows were too high to wade 
safely, or 3) abundant irrigation diversions made flow 
measures on them too time consuming. In late summer and 
fall, pH and conductivity were measured using portable field 
meters calibrated to standards.
In addition, water samples from 10 domestic wells were 
collected on 10/27/90 for N, TP, SRP, F, alkalinity, and 
ICAP analysis. The water, taken from the taps of dwellings, 
was run until the temperature and pH stabilized. At most 
houses, the water had been running much of the morning for 
laundry and showers.
SEDIMENT COLLECTION AND SRP EXTRACTION METHODOLOGY
In order to determine if eroding stream banks could 
contribute significant amounts of SRP in the Gold Creek 
Basin, stream bank sediment samples were taken from two 
creeks (Griffen and Blum) suspected of acquiring SRP from 
eroding sediment. Bank sediment was also sampled at one 
site on Pikes Peak Creek for comparison. Sediment samples 
were extracted in filtered Gold Creek water because the 
sediment erosion was caused by Gold Creek water that was 
diverted for irrigation uses and channeled through Griffen 
Creek, and possibly Blum Creek.
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In the summer of 1991 two composite samples were made 
for each site by combining 30 subsamples collected from 
randomly selected points along a transect of stream bank. 
Samples were taken from dry stream banks in order to 
minimize contamination from the high SRP concentrations in 
the creek water.
Samples were oven dried for 48 hours at low temperature, 
then sieved and the >2mm size was discarded (In all samples, 
95%+ of the samples was less than 2mm.) The <2mm fraction 
was thoroughly mixed using a riffle splitter. 0.05 grams of 
sediment was extracted in 100 ml of filtered irrigation 
water from Gold Creek on a shaker table for 1 hour. Samples 
were also extracted in deionized water for comparison. The
extract was then filtered and analyzed for SRP. The
original SRP of the filtered irrigation water was subtracted 
from the extract SRP to determine the sediment's leachable 
SRP.
Sediment pH was measured by combining 5 grams dry 
sediment with 5 ml deionized water, agitiating for 5 
seconds, allowing to stand for 10 minutes, and then reading 
the pH with a standard pH meter (Page et al, 1982).
Sediment, first dried for 24 hours at 40 degrees C, was
analyzed for organic content by the loss-by-ignition method 
at 430 degrees C for 24 hours (Davies, 1974). Inorganic 
carbon is not lost at this temperature. The ash-free 
samples were then wetted and redried at 40 degrees C for 24
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hours before weighing in order to rehydrolyze any clays that 
lost water during the ignition process.
The textural classification was determined by the feel 
method (Brady, 1984) and checked against the Powell County 
Soil Survey classifications (unpublished).
ANALYTICAL METHODS
Table 1 lists the standard analytical procedures used 
for the analyses and the limits of quantification for trace 
elements and limits of detection for HCO3, Si, Ca, and Mg. 
EPA quality control samples were consistently within 95% of 
the reported value for SRP, TP, N, and F analyses. Field 
and lab blanks were regularly analyzed to check for possible 
contamination. Possible interferences in the SRP analysis 
are discussed in Appendix A. The SRP and TP analyses are 
further described below.
Filtered samples were kept refrigerated 1-2 days before 
the SRP analysis. Samples were brought to room temperature 
and then combined with reagent to determine SRP (Ascorbic 
acid method 365.2). Colorimetric determinations were made 
on a Bausch and Lomb Spectronic 1001 spectrophotometer using 
a 10cm cell at 880 nm. Standards, prepared with reagent 
grade K2HPO4 , were use to prepare a standard curve for each 
run and EPA quality control samples were used to check the 
accuracy.
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TABLE 1. Analytical Methods and Limits of Quantification 
and Detection.
Analytical Methods-All from EPA 600/4-79-020 unless
otherwise stated.
Parameter
SRP (orthophosphate) 
TP (total phosphate) 
N03 + N02 
Fluoride 
Bicarbonate 
Si, Ca, Mg
Conductivity
pH
Procedure
Standard Method 365.2.
Standard Method 365.3.
Standard Method 353.3.
Standard Method 340.2.
Standard Method 310.1.
Inductively Coupled Argon Plasm 
Spectrophotometry.
YSI Temperature-Salinity- 
Conductivity portable field meter.
Corning 610A portable field meter.
Limit of Quantification for Trace elements.
Parameter
SRP
N03 + N02 
F
Limit of Detection for
Parameter
HC03
Ca
Mg
Si
Limit of Quantification
0.0025 mg/1 (1 10% of true value) 
0.010 mg/1 (t 5% of true value)
0.01 mg/1 20% of true value) 
0.03 mg/1 (1 5% of true value)
0.06 mg/1 (1 20% of true value)
or jons
Limit of Detection
15 mg/1
0.005 mg/1
0.010 mg/1
0.040 mg/1
Unfiltered samples were frozen until analysis for TP. 
Samples were rapidly thawed in a Hitachi model MR-8015 
microwave oven to minimize P adsorption to the containers 
during thawing. Samples were digested in an autoclave for 
30 min with sulfuric acid and ammonium persulfate (Method 
361.1# USEPA 1983) before proceding with the ascorbic acid 
colorimetric procedure discussed above.
A Corning model 610A expand portable pH meter and a YSI 
Salinity-Conductivity-Temperature meter were used in the 
field. Both meters were calibrated with standard solutions 
before each use.
RESULTS AND DISCUSSION
GENERAL WATER CHEMISTRY OF THE GOLD CREEK BASIN
Figure 7 shows the locations of sample sites on Gold 
Creek's mainstem, tributaries, and springs, as well as the 
well sampling sites in the Gold Creek Basin. Table 2 
presents the water chemistry data collected during fall base 
flow from surface water stations (sampled 10/20/90) and 
domestic wells (sampled 10/27/90). These results are in 
good agreement with water chemistry data from 1986 by the 
USGS (Table 3) (Brooks, unpub1. data).
Gold Creek becomes progressively harder, gaining calcium 
and bicarbonate as it flows from the upper basin (AU00) to 
the lower basin (AU6). Figure 8 shows the concentrations of 
HCO3, Ca, Si, F, and SRP in Gold Creek for 10/20/90. The 
increase in ions can be attributed to the springs and 
groundwater contributions in the lower basin which are much 
higher than upper basin surface water in calcium, 
bicarbonate, and other ions.
The high calcium and bicarbonate in all Gold Creek
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Figure 7. Location of water sampling stations in the Gold 
Creek Basin.
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Table 2. Groundwater and surface water chemistry in the Gold Creek Basin during fall baseflow (late October, 1990).*
GOLD CREEK Cond PH Temp SRP N03 HC03 Si Ca Mg10/20/90 uScm C mg/1 mg/1 mg/1 mg/1 mg/1 mg/1
AUOO 95 8.1 4.0 0.005 0.02 91 5.0 27 3.3AU1 118 8.0 4.0 0.010 0.01 116 7.0 36 4.2
AU2 119 7.5 5.0 0.026 0.04 141 -8.7 44 5.3
AU4 185 8.0 5.0 0.035 0.03 169 10 . 3 56 6.4AU5 200 8.0 5.0 0.061 0.04 183 11.9 62 6.9
AU6* * 227 8.1 4.5 0.068 < .01 201 12.8 66 7.5
TRIBUTARIES
10/20/90
PPOO 55 7.9 1.5 0.005 0.01 54 5.4 19 1.7
PP2RT 220 7.8 5.0 0. 102 258 16.5 82 9.4
PP2 350 7.6 4.0 0.150 0.01 280 17.8 107 11.9
PP3 405 8.3 3.5 0.112 < .01 282 18.3 133 13.4
PP5 322 7.5 5.0 0.068 0.03 257 17.4 105 11.6
SQ2 220 8.3 4.0 0.072 0.03 239 14.5 68 8.2
BLO 205 8.1 3.5 0.041 0.03 203 10.5 62 10. 3
GF3 300 7.9 5.0 0.224 0.05 213 20.6 84 8.8
GF1(9/23/90)* * * 650 8.2 15.5 0.500 0.09 26.2 128 14.5
CV1 192 8.0 3.2 0. 008 0.03 157 6.6 48 5.7
SPRINGS
PP2LF(10/20/90) 610 8.3 2 0.257 0.02 330 22.9 197 20.4
GFOO(9/4/90)* * * 380 7.7 0.430 0.05 26.3 78 10.0
WELLS Cond PH Temp SRP N03 HC03 Si Ca Mg
10/27/90 uScm C mg/1 mg/1 mg/1 mg/1 mg/1 mg/1
1 610 7.05 9.0 0.134 0.14
2 580 7. 25 6.0 0.225 0.01 405 20. 2 172 16.7
3 460 7. 50 6.5 0.034 0.06 284 26.8 128 17.2
4 370 7.40 7.0 0.132 0.09 284 21.8 101 10.1
5 130 7. 50 5.8 0.013 0.26 112 9.3 35 4.0
6 230 7.30 7.5 0.015 0.06 214 7.9 69 7.4
7 451 7. 20 7.0 0.123 0.42 252 23.4 102 13.0
8 620 6. 50 7.0 0.071 0.22 110 29.6 140 23.4
9 212 7. 30 8.0 0.104 0.25 247 18.2 60 8.5
10 393 7. 35 7.5 0.052 0.02 279 16.9 82 8.8
•Wells and surface water■ sampling sites identified on, Figure 7
••Mouth of Gold Creek
***GF1 and GFOO were contaminated with irrigation water on 10/20/90 
so September samples were analyzed instead.
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Table 3. Fall baseflow water chemistry for mouth of Gold Creek and three wells located in the Gold Creek Basin (Brooks, unpublished data).
Site Date Spec. PH Ca Mg Na X HCO S04 Cl
cond. mg/1 mg/1 mg/1 mg/1 mg/1 mg/1 mg/
Well A* 11/6/85 710 7.5 90 7.5 57 3.7 281 160 2.9
Well B* 11/6/85 251 7.5 42 6.6 3 1.3 148 18 0.5
Well C* 11/6/85 612 7.4 76 10.0 44 4.0 300 75 6.2
Gold Ck* • 10/20/86 416 7.7 65 7.6 9 2.8 201 52 1.5
Gold Ck* * 8/2/90*** 8.0 63 7.5 10 3.2
Gold Ck** 10/20/90*** 227 8.1 66 7.5 201
•Location shown in Figure 7.
••Mouth of Gold Creek (Station AU6). 
•••This study.
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Figure 8 . The concentrations of HCO3, Ca, Si, F, SRP for 
10/20/90 on the mainstem of Gold Creek. Concentrations of 
HCO3, Ca, and Si are in parts per million (ppm) and 
concentrations of F and SRP are in parts per billion (ppb). 
All five ions progressively increase moving downstream 
towards the Clark Fork River.
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samples indicate that weathering of carbonate rock is 
responsible for the general water chemistry. Without 
further Cl and SO4 analysis, however, the water chemistry 
cannot be described in terms of geochemical evolution. The 
data for this study was originally obtained to look for 
relationships between certain elements and P, not to 
describe the evolution of the water chemistry, so I did not 
analyze for Cl and SO4 .
Data from the bimonthly monitoring of SRP and TP appears 
in Appendix B. SRP is better correlated with conductivity 
in surface water (r2=0.69) than in groundwater (r2=0.31), 
and there is no correlation between SRP and pH.
Correlations between SRP and fluoride, SRP and nitrate, and 
SRP and silica will be addressed in later sections.
PHOSPHORUS IN SURFACE WATER
Gold Creek
Gold Creek has consistently low SRP concentrations 
(0.003-0.012 mg/1) until it reaches the lower basin.
Stations AUO and station AUOO range from 0.003 mg/1 to 0.012 
mg/1 for the twelve sampling days from April to October. 
PPOO, Pikes Peak at the cavern, also was low (0.003 to 0.007 
mg/1). Crevice Creek (CV1) which flows into Gold Creek 
between AUO and AUOO ranged from 0.008 to 0.015 mg/1. 
However, all natural surface waters flowing into Gold Creek
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below AUO and entering the dry Pikes Peak Creek channel 
below 5000 ft have much higher SRP concentrations. 5000 ft 
is the approximate elevation at which the mountain mass of 
Paleozoic and Mesozoic sedimentary rock meets the younger 
Tertiary and Quaternary valley fill.
SRP levels increase as one moves downstream in Gold 
Creek. The first SRP concentrations above 0.02 mg/1 occur 
at station AU2 (Table 2 and Appendix B). The ratio of 
groundwater entering Gold Creek between AU1 and AU2 to the 
total amount of water at AU2 increases during the summer. 
(The volume of groundwater entering Gold Creek between AU1 
and AU2 was calculated by subtracting the discharge at AU1 
from the discharge at AU2.) The SRP concentration increases 
as the ratio of groundwater to total water increases 
(r2=0.76), suggesting that the rise in SRP is contributed by 
groundwater entering the creek between AU1 and AU2.
Table 4 presents the variability in the average SRP 
concentrations for tributary stations and springs in the 
Gold Creek Basin during the study period. While the SRP 
concentrations of some surface waters are relatively 
constant over time, there is considerable variability 
between the different tributaries and springs.
The bimonthly monitoring of SRP and TP at station AU6 , 
the mouth of Gold Creek, supported the observations made by 
Ingman (personal communication) that the SRP/TP ratio in 
Gold Creek is high (Table 5). Generally, SRP concentrations
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Table 4. Average SRP concentrations for tributary stations and springs.*
Tributary Average sample number
Stations (mg/1) st. dev sampl
PPOO 0.006 0.002 4
PP2RT 0.107 0.007 2
PP2 0.118 0.019 11
PP3 0.102 0.011 10
PP5 0.077 0.013 12
SQ2 • 0.071 0.015 8
SQ4 0.043 0.010 7
CV1 0.013 0.004 4
BLO and BL1 0.075 0.037 9
GF1 0.393 0. 104 10
GF3 0.209 0.034 12
Springs
PP21 eft 0.263 2
PPX 0. 138 1
PP1 0.052 0.013 6
PP#6 0.022 1
AUSPRING 0.009 1
PN1 0.057 1
SQ1 0.065 1
SQO 0.063 1
GFOO 0.473 0.034 4
GF3spring 0. 157 1
*Gold Creek mainstem stations are not shown because SRP 
concentrations changed considerably over time.
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Table 5. Average ratio of SRP to TP for main stations in 
the Gold Creek Basin.
Sampling Average sample number
Station (SRP/TP) st. dev. samples
AUO and AUOO 0.40 0.33 13
AU2 0.64 0.28 11
AU3 0.67 0.25 11
AU6 0.66 0.29 11
PPOO 0.62 0.25 3
PP2 0.87 0.13 11
PP3 0.77 0.22 10
PP5 0.74 0.16 11
SQ2 0.87 0.16 6
SQ4 0.73 0.11 5
CV1 0.72 0.19 4
BLO and BL1 0.59 0.24 8
GFOO 0.90 0.03 4
GF1 0.86 0.11 9
GF3 0.87 0.08 11
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and SRP/TP ratios increased as flow decreased from April to 
October, 1990 (Figure 9). The lowest SRP/TP ratios are 
associated with the highest flows. Over the course of 
several years, Water Quality Bureau monitoring data have 
shown Gold Creek SRP levels to be high during the summer and 
fall low flows, and occassionally high in January. SRP and 
TP can also be high during very high flows that correspond 
to sudden snowmelt.
Pikes Peak Drainage (Including Pioneer Gulch)
Two stations, PP2 and SQ2, provided important clues to 
the sources of P in Gold Creek. Both of these tributary 
stations are just downstream from several springs that 
combine to form them and are upgradient of the influences of 
agriculture, irrigation, septic tanks, and heavily-used 
pasture. These two tributaries had characteristics similar 
to and more pronounced than the mouth of Gold Creek (station 
AU6) in that as flow decreased SRP concentration increased 
(Figures 10 and 11).
The SRP concentration at PP2 ranged from 0.086 to 0.128 
mg/1 with the exception of June 24 when Pikes Peak flowed 
its entire length and diluted PP2 with P-poor water.
Another spring, PPX, in the vicinity of PP2, had little 
surface flow after June. A sample taken 5/19/90 had an SRP 
concentration of 0.138 mg/1.
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Figure 9. SRP, TP, and flow for 23 sampling days (this study 
and Montana Water Quality Bureau data) from April to 
October, 1990 at the mouth of Gold Creek (station AU6). The 
flow is shown as a line and is inversely associated with 
SRP.
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Figure 10. SRP, TP, and flow for 12 sampling days from April 
to October, 1990 at station PP2 along Pikes Peak Creek. The 
flow is shown as a line and is inversely associated with 
SRP.
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PP2 is located just upstream of a pasture fence.
Although there were a few cattle and horses upstream from
the fence, there was a high concentration of cattle 
downstream of the fence during the summer. Station PP3 was 
established three miles downstream to determine the 
contribution of SRP and TP from cattle along the stream. 
However, SRP concentrations consistently decreased slightly 
from PP2 to PP3 with the exception of June 24 when the flow 
was very high. The average SRP/TP ratio (Table 5) also 
decreased from PP2 to PP3. The algae present in the stream 
bottom were probably responsible for the downstream decrease 
in SRP. The presence of cattle did not increase the SRP 
concentrations in the creek, but may have increased the TP
concentrations in April and May.
Station SQ2 represents the combined drainage of at least 
three springs in Pioneer Gulch. On June 3, 1990 the 
concentrations of SRP in all three springs (PN=0.057,
SQ1=0.065 and SQ0=0.063 mg/1) were consistent with the 
concentration of SRP (0.054 mg/1) at SQ2 on 6/3/90.
Although SQ2 is not influenced by any hay fields, stable 
yards, irrigation, or septic tanks, both cattle grazing and 
logging do occur in the drainage.
The water from SQ2 sinks into the gravel above several 
lakes in the tailings piles. Another large spring feeds the 
upper lake from below because on June 24 approximately 10 
cfs was spilling over from the upper lake into the lower
^3
lake, but there was no surface input into the upper lake. 
Some of this overflow water was diverted for irrigation and 
the remaining water flowed into Pikes Peak Creek above PP5. 
Water continued to over flow the lake, decreasing to 1 cfs 
by mid August and ceasing by late September. This overflow 
water ultimately may be coming from the Pikes Peak cavern 
since the overflow coincided with the high flow of Pikes 
Peak Creek. The concentration of water leaving the surface 
of the lake was very consistent, ranging from 0.040 to 0.055 
mg/1 (station SQ4).
PP5, the station at the confluence of Pikes Peak Creek 
and Gold Creek, was used to compute the SRP load that the 
Pikes Peak drainage contributes to Gold Creek, but it did 
not reflect the SRP concentrations at PP3 during this study. 
In April and May, Pikes Peak Creek disappeared into the 
alluvium below PP3. In early June snowmelt caused the creek 
to reappear, but in mid-June, the creek was diverted for 
irrigation below PP3 and continued to be diverted all summer 
and fall. During the study, the water at PP5 was a 
combination of groundwater and the overflow from the lakes 
below SQ2. The groundwater surfaced just upstream of PP5 
in an area of dense willows that supported beaver. The 
concentration of SRP at PP5 ranged from 0.062 to 0.103 mg/1.
Blum Creek
The springs that feed Blum Creek surface in the 
Cretaceous Colorado Group sediments (siltstone, sandstone, 
and limestone). The sample stations along Blum Creek are 
also in these Cretaceous sediments.
Stations BLO and BL1 on Blum Creek had SRP 
concentrations usually ranging from 0.040 to 0.080 mg/1, but 
on 8/17/90 BL1 had a much higher concentration (0.159 mg/1) 
and in April, during snow melt in the lower elevations, the 
concentration at BL1 was much lower (0.022 mg/1 SRP).
Station BLO was upstream from agriculture, irrigation, and 
septic tanks as well as upstream of a major pasture fence, 
but downstream of beaver ponds. A sample taken upstream of 
the beaver ponds was 0.061 mg/1. The average SRP/TP ratio 
in Blum Creek was 0.59, much less than stations on lower 
Pikes Peak Creek and in Pioneer Gulch.
Griffen Creek
Griffen Creek is fed by several springs that surface 
near the contact of Cabbage Patch lake beds and the 
Cretaceous sediments although the contact is surficially 
covered by alluvium. The uppermost spring, GFOO, is 
adjacent to the uppermost hay field and upgradient of septic 
tanks and pasture. This spring had the highest average 
concentration of SRP (0.473 mg/1) in the Gold Creek Basin.
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This study found Griffen Creek to be a major source of SRP 
to Gold Creek.
Both Blum and Griffen Creeks have an easily erodable, 
fine substrate which may be releasing SRP into the water. 
Both creeks have cattle stirring up the sediment, and 
Griffen Creek occasionally serves as an irrigation conduit 
for water from Gold Creek (Blum Creek may also). The bed 
sediment may have originally accumulated much SRP while it 
was deposited at the bottom of a beaver pond. These beaver 
dams on Griffen Creek have since been breached to facilitate 
irrigation. The exceptionally high SRP concentrations in 
the springs that feed Griffen Creek may serve as a SRP 
source for the sediment. Although SRP concentrations are 
high and nitrate at all stations in the Griffen and Blum 
drainages is also elevated relative to the rest of the Gold 
Creek Basin, algae only seem to grow where there is a 
suitable rocky substrate which is rare in these drainages.
About a quarter of a mile before Griffen Creek flows 
into Gold Creek, 2 irrigation canals are channeled through 
Griffen Creek for a short distance before the water is again 
diverted downstream (Figure 12). Two other canals pass over 
the creek in culverts. The Griffen Creek channel is deeply 
eroded in this reach because its usual 1-4 cfs flow can 
reach 20 cfs while the irrigation water is being channeled 
through. Small amounts of irrigation water are also 
periodically channeled through the upper reaches of Griffen
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Figure 12. Location of irrigation canals that are routed 
over and through lower Griffen Creek.
^7
Creek between GFOO and GF1. The possiblility that eroded 
sediment may be releasing SRP to the water will be addressed 
in a later section.
NITRATE IN SURFACE WATER
Nitrate in both Blum and Griffen Creeks was elevated 
relative to the rest of the basin (see Appendix B). Blum 
ranged from 0.03 to 0.15mg/l and Griffen ranged from 0.05 to 
0.28 mg/1. Crevice Creek, very low in P, had N 
concentrations of 0.03 to 0.08 which is not much lower than 
Blum or Griffen. All other stations in the Gold Creek Basin 
had from undetectable to 0.04 mg/1 nitrate. Station AU6, 
the only site regularly sampled for nitrate had an average 
concentrations of 0.02 mg/1 (s=.025, for 25 samples taken 
between April 1990 and April 1991).
NITRATE AND PHOSPHORUS IN GROUNDWATER
SRP and nitrate concentrations from 10 domestic wells 
appear in Table 2. The two wells (#5 and #6), finished in 
glacial material along Gold Creek near AU0 and AU00, had 
very low SRP levels. The other eight wells are finished in 
the Cabbage Patch lake beds and were higher in SRP. Water 
from two of these wells (#3 and #8) that are on hills had 
less SRP than the 6 wells that were near or in the valley
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floors along side Gold, Pikes Peak, and Griffen Creeks. SRP 
concentrations in the groundwater ranged from 0.034 to 0.225 
mg/1, similar to the concentrations found in springs.
Several wells had nitrate levels much higher than 
surface water levels, but the nitrate concentrations in the 
10 wells are not correlated with SRP concentrations 
(r2=0.003). The elevated nitrate in the groundwater 
samples was in no case greater than 0.5 mg/1 which is not 
considered high for groundwater.
RELATIONSHIP BETWEEN SILICA AND PHOSPHORUS
Several studies document a positive association between 
Si and dissolved P from geologic weathering. Golterman 
(1973) observed this association in unpolluted watersheds in 
Africa and Pringle et al (1990) noticed a similar 
association between Si and P in waters draining a volcanic 
region in Costa Rica. Golterman (1973) states,
"Concomitant high silicate and phosphate concentrations give 
circumstantial evidence that erosion of rock phosphate is 
the main natural phosphate source."
It is also useful to consider Si when attempting to 
distinguish between anthropogenic and geologic sources 
because Si is not strongly affected by human activities 
(Drever, 1982). In fact, 99+% of Si in the Rhine, a
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heavily-polluted European river, is considered to be from 
geologic weathering (Drever, 1982). If the P concentration 
is positiviely associated with the Si concentration, then 
one might suspect a geologic source of P.
Si in natural waters is primarily from silicate 
weathering (Berner and Berner, 1987; Kennedy, 1971; Haines 
and Lloyd, 1985). The amount of Si in water depends on the 
time in contact with the silicate minerals and the 
reactivity of the mineral with the water (Haines and Lloyd, 
1985). In addition, Reeder et al (1972) suggest that the 
amount of Si in water is more related to the solubility of 
the country rock than the amount of Si in the country rock.
Rivers with high Si (15 to 30 mg/1) often drain upper 
Cretaceous and Tertiary rocks which have considerable 
amounts of volcanic ash (Reeder et al, 1972). According to 
Berner and Berner (1987) volcanic rocks release twice as 
much Si as crystalline rocks and four times as much as 
sedimentary rocks. Rivers may also have high Si 
concentrations if they pass through hydrothermal areas 
(Reeder et al, 1972).
Soil releases Si to infiltrating water (Kennedy, 1971; 
Haines and Lloyd, 1985). In the study conducted by Kennedy 
(1971), Si first decreased and then increased during and 
slightly after a peak runoff event because of initial 
dilution by rain followed by leaching of Si from soils.
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In parts of the Gold Creek watershed, Si may be leaching 
from the soils as irrigation water percolates downward. 
Because of the dry climate, however, Si would mainly be 
leached from non-irrigated soil during the spring runoff.
Si in the spring waters that are not influenced by 
irrigation, therefore, is probably not leached from the 
surface soil. However, it is possible that groundwater is 
leaching Si from the subsoil.
Surface water samples collected on 10/20/90 were 
analyzed for Si in order to determine baseflow 
concentrations. Seven samples collected on 8/2/90 were also 
analyzed for Si, and the concentrations are very consistent 
with those from 10/20/90 (Table 6) indicating that Si levels 
were relatively constant over time at individual sampling 
stations in the Gold Creek Basin. The Si concentrations 
between stations, however, are variable and indicate 
different lengths of time the groundwater has been in 
contact with silicate minerals.
I found Si to be positively associated with SRP in the 
Gold Creek surface waters (Figure 13a). The association 
appears to be asymptotic rather than linear, but because Si 
and P are not from the same mineral, they may be released at 
different rates and the association is not expected to be 
1 inear.
The groundwater and springs in the Gold Creek Basin are 
saturated with respect to crystalline quartz and
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Table 6 . Silica concentrations for selected locations 
on two days.
Station Silica (mg/1) SRP (mg/1)
8/2/90 10/20/90 8/2/90 10/20/90
AUO 4.9 5.0 0.006 0.005
AU6 13.6 12.8 0.103 0.068
CV1 6.3 6.6 0.015 0.008
BLO 9.9 10.5 0.073 0.041
GFOO 25.6 26.3 0.540
PP2 15.5 17.8 0.120 0.150
SQ2 13.1 14.5 0.072 0.072
Table 7. Fluoride concentrations from two sampling days in the Gold Creek Basin.
SURFACE WATER GROUNDWATER
Station Fluoride (mg/1) Well F (mg/1)
9/4/90 10/20/90 10/27/90
AUOO 0.084 0.074 1 0.440
AU1 0 . 110 2 0.220
AU2 0.165 0.130 4 0.290
AU3 0.185 0. 155 5 0.068
AU5 0.245 0.175 6 0.094
AU6 0.300 0.185 7 0.220
PPOO 0.060 8 0.200
PP2 0.205 0.230 9 0.235
PP3 0.205 0.230
PP5 0.230 0.170
PP2RT 0.170
PP2LF 0.255
SQ2 0.150 0.165
BLO 0.125 0.110
CV1 0.074
GF1 0. 165
GF3 0.300 0.290
Si
lic
a 
(m
g/
l)
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SRP (mg/l)
■  Malnstem Gold Creek
G) Pikes Peak Drainage
Q  Griffen Drainage
03 Bl vim Creek
CD Pioneer Gulch
□  Crevice Creek
Figure 13a. Association between Si and SRP in surface water 
in the Gold Creek Basin on 10/20/90.
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undersaturated with respect to amorphous quartz. Feldspars 
and clays typically control Si concentrations in groundwater 
when Si concentrations are in the 10-30 mg/l range (Strumm 
and Morgan, 1970). The curve in figure 13a appears to be 
leveling off at Si concentrations between 25 and 30 mg/l.
The highest Si concentration in the Gold Creek groundwater 
samples is 29 mg/l. These high silica water samples were 
slightly undersaturated with respect to the mineral 
montmori1Ionite which is abundant in the Cabbage Patch lake 
beds. The asymptotic curve in figure 13a may indicate the 
silica concentration in the water is approaching equilibrium 
with montmori1 Ionite.
The samples of groundwater shown in Figure 13b show a 
similar relationship with the exception of several wells 
that have high Si, but not high SRP. The two highest Si 
wells are on benches of Cabbage Patch lake beds and some 
distance from active drainages. These wells may be in a 
thicker stratigraphic sequence in the lake beds and may be 
less influenced by the water chemistry in adjacent 
formations. Therefore, the Cabbage Patch lake beds may be 
a significant source of Si, but not P.
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Figure 13b. Association between Si and SRP in groundwater in 
the Gold Creek Basin on 10/20/90. Numbers indicate from 
which well the sample was taken.
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RELATIONSHIP BETWEEN FLUORIDE AND PHOSPHORUS
Fluoride is considered a trace element in ground and 
surface water (Robertson, 1984). The world average river 
fluoride concentration is 0.1 mg/l (Reeder et al, 1972). 
According to Reeder et al, higher concentrations of fluoride 
in river water are chiefly associated with carbonate rocks 
which yield soluble F when weathered. High F“ 
concentrations are also associated with ongoing or former 
hydrothermal activity and volcanic terrains (Robertson,
1984). According to Robertson, F” concentrations are 
controlled by availability, exchange or sorption reactions, 
and mineral equilibria.
F~ is tied up with P in the mineral apatite. The 
Phosphoria Formation contains the mineral carbonate 
fluorapatite, Caio(po4)6-x(C03)x(F '0H)2 + X '  *n which x is 
close to 1. If the P is being dissolved from the carbonate 
fluorapatite in the Gold Creek Basin, then F” might also be 
entering solution.
Figure 14a and 14b show the relationship between SRP and 
F“ in surface and groundwater respectively in the Gold Creek 
Basin. Table 7 presents the F” data used in these figures. 
There is a positive association between SRP and F“ .
Although quite linear at lower levels (r2 = 0.79 for levels 
of SRP below 0.200 mg/l), the relationship appears to be
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Figure 14a. Association between F and SRP in surface water 
in the Gold Creek Basin on two days, 9/4/90 and 10/20/90.
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Figure 14b. Association between F and SRP in groundwater in 
the Gold Creek Basin on 10/20/90. Numbers indicate from 
which well the sample was taken.
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asymptotic at high levels of SRP, suggesting either a limit 
to F“ concentrations in these waters or an additional source 
of SRP that is not associated with F“ .
The Gold Creek waters are extremely undersaturated with 
respect to fluorite (CaF2). While the water is only 
slightly undersaturated with respect to fluorapatite, 
fluorapatite is unlikely to precipitate out unless the water 
is saturated 2-3 orders of magnitude with respect to this 
mineral (Robertson, 1984). The limited availability of F” 
and adsorption of F“ by montmori1 Ionite clays are probably 
the biggest factors controlling the F“ concentrations in 
groundwater with F~ concentrations less than 1 mg/l 
(Robertson, 1984). The fluoride ion readily exchanges with 
the hydroxyl ion on montmori1 Ionite clays because of similar 
ionic size and extreme electonegativity.
Timperley (1983) found a similar linear relationship, 
also becoming asymptotic at high levels of SRP, between F“ 
and SRP in spring waters draining a volcanic plateau in New 
Zealand. He claimed this relationship implied a 
simultaneous leaching of the two elements from the volcanic 
pumice.
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SOLUBILITY OF APATITE AND THE PHOSPHORIA FORMATION
Some forms of apatite are notably insoluble, and 
Ca5<P04)3F is the least soluble calcium phosphate mineral of 
all (Emsley and Hall, 1976). The solubility, however, 
depends more on the crystal 1inity of the apatite rather than 
the chemistry (Howeler and Woodruff, 1968). Igneous 
apatite, Cas(P04)3F, is very resistent to weathering. 
Sedimentary carbonate fluorapatite, Caio(po4)6- 
x(C03)x (F,0H>2+X' also called francolite, is more soluble 
because it tends to have 1) calcium carbonate incorporated 
into the apatite structure which increases solubility, 2) 
amorphous apatite which is more soluble than crystalline 
apatite, and 3) impurities in the rock such as calcite, 
clay, and quartz which decrease the integrity of the rock 
(Howeler and Woodruff, 1968).
The amount of calcium carbonate incorporated into the 
structure is very important to the solubility of apatite 
(Chien, 1977a; 1977b). The dissolution time decreases as 
the carbonate substitution increases. The reason for the 
decrease in dissolution time is believed to be that 
substitution decreases the free energy of formation of 
carbonate apatite (Chien, 1977a).
The driving force in the dissolution of apatite is the 
neutralization of anions in the apatite with hydrogen ions
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in solution (Chien, 1977b). For instance, H+ is neutralized 
by PO43", CO32", and F" to form H2PO4", H2O and CO2 , and HF 
respectively. A pH of 3.5 to 6.5 is generally necessary to 
dissolve phosphate rock. In the natural world, a pH of 6.5 
is not uncommon for rain or snowmelt, and the pH of acidic 
soils is in the 3.5 to 6.5 range and will dissolve phosphate 
rock if the rock is mixed in with the soil (Chien, 1977b).
The economic value of phosphate rock is described by the 
percent of acid-insoluble rock. The phosphate is contained 
in the acid-insoluble part, and, generally the higher the 
percentage of acid-insoluble rock, the more P in the rock. 
The phosphate rock exposed in the upper Gold Creek Basin has 
less acid-insoluble components than the phosphate rock where 
it is mined at the nearby Garrison or Elliston Mining 
Districts (Swanson, 1973). Garrison has 94+% acid- 
insoluble, Elliston 85-97%, and the Flint Creek Range (Gold 
Creek) 85-93%. In fact, the Flint Creek Range contains 
3/4ths of the low grade phosphate in the central western 
Montana region which includes the Garrison, Elliston, and 
Flint Creek Range mining districts (Swanson, 1973). This 
low grade rock has more impurities, including calcium 
carbonate, and therefore the rock may dissolve faster.
Weathering of phosphate rock in Montana during the 
Cenozoic removed much of the carbonaceous material, 
enriching the P content, but also increasing the porosity 
and friability (Swanson, 1970). According to Altshuler
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(1973), pronounced long-term weathering and leaching of 
phosphate rock can result in the solution of apatite and the 
enrichment of groundwater and soils in phosphorus, fluoride, 
and uranium. As weathering progresses, the initially 
indurated rock becomes soft and loose. It is naturally 
dispersed by stream erosion and slope wash. The soils that 
become enhanced in phosphorus and fluoride can also become a 
source of phosphorus and fluoride in the groundwater 
(Altshuler, 1973).
Apatite can have a large variety of substitutions in the 
general formula Axq(xo4)6z2 (Altshuler, 1973). The 
phosphate rock in the Phosphoria Formation contains F and 
PO4 in an average mole ratio of 1.5 with a range of 1.3 to 
1.7 (Swanson, 1973; Gulbrandsen, 1966). The average mole 
ratio of F to PO4 for P-rich springs and tributaries in the 
Gold Creek Basin is 8.7 with a ratio of 4.1 to 12.5. The 
Gold Creek water has a higher F/PO4 ratio than the phosphate 
rock, but the comparison of the ratios is meaningless 
because of preferential weathering, the presence of F in 
other carbonate minerals, and the enrichment of fluorite in 
veins by past hydrothermal activity. According to Swanson 
(1970) fluorite is abundant in veinlets in the zone 
surrounding the Royal Stock because of the past hydrothermal 
activity and leaching of the Phosphoria Formation during the 
plutonic intrusion.
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Even though the apatite is very insoluble (Ksp = 10”51 
for hydroxapatite, the thermodynamically stable apatite 
solid in natural waters), it does not precipitate out 
rapidly if the water is saturated (Emsley and Hall, 1976). 
The activiation energy needed to form the initial nuclei is 
large, and the first precipitate formed is a highly soluble 
amorphous solid which is only slowly transformed to the 
crystalline state (Snoeyink and Jenkins, 1980). If this 
were not the case, there would be no P in natural waters 
because the concentrations of P and Ca in equilibrium with 
hydroxapatite is [CaC03]=150 mg/l and [PO43”]=0.000037 mg/l 
at pH 8 (Snoeyink and Jenkins, 1980).
PHOSPHORUS LOADING TO GOLD CREEK
Estimating the loading of P from the various parts of 
the Gold Creek Basin was greatly complicated by the complex 
hydrology of the basin. From April to October, Gold Creek 
exhibited five different flow regimes.
1) April: high spring flows; no irrigation.
2) May: Irrigation begins; Gold Creek is not completely 
dewatered; excess irrigation water returned via Griffen 
Creek.
3) June and early July: Peak runoff plus irrigation;
water in all canals; water overflowing lakes.
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4) Late July, August, September, and early October: Low 
flows and irrigation; complete dewatering of Gold Creek and 
Pikes Peak Creek.
5) Late October: Fall low flows; almost no irrigation.
Figures 15a-e show these five regimes. Figures 15a-d 
are schematic and show only approximate flows and loadings 
because of logistical problems with measuring high flows and 
every irrigation diversion on a single day. Figure 15e, 
however, shows the exact measured flows and loads for the 
fall baseflow on October 20, 1990.
Figure 15a represents sample day April 16. Gold Creek 
receives some water from tributaries as it moves through the 
lower basin, but it does not gain much water from 
groundwater directly entering the channel. The SRP 
concentration increases moving downstream and is 0.03 mg/l 
at the mouth of Gold Creek. Based on the several years of 
Water Quality Bureau monitoring, this concentration is low 
for Gold Creek relative to the rest of the year. Griffen 
Creek contributes 10-15% of the SRP load at the mouth of 
Gold Creek, Pikes Peak Creek contributes 10-15%, Blum 3-5%, 
and upper basin Gold Creek 10-15%. Because of imprecise 
flow measurements during the high flows in April, I am 
unable to say if the remaining load (50%) is from 
groundwater entering the channel or from another source such 
as erosion of sediment and manure.
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Figure 15b represents sample days May 5 and May 19. The 
Gold Creek flow from the upper basin has decreased slightly 
and major irrigation has begun. Consequently, the flow 
below the major diversions is very low, the flow at the 
mouth of Gold Creek is lower than in April, and the 
irrigation water returning via Griffen Creek is higher than 
at other times. In May, Griffen Creek produces most of the 
total load of P present at the mouth of Gold Creek (80 to 
100%). Pikes Peak Creek and groundwater directly entering 
the Gold Creek channel make up to 20% of the load. The sum 
of SRP loading from various sources comes to more than 100% 
of the loading at the mouth, indicating that some of the P 
must be adsorbing to suspended sediment or being utilized by 
algae in the reach between the mouth of Gold Creek and its 
confluence with Griffen Creek. The concentration of SRP at 
the mouth of Gold Creek (0.036-0.060 mg/l) is still lower 
than the high concentrations observed during the summer.
Some low-P Gold Creek water from the upper basin is still 
flowing the entire length of the creek during this time and 
diluting the P-rich tributary and groundwater contributions.
Figure 15c represents the flow regime typical of June 4, 
June 24, and July 4. June 24 was the highest flow I 
measured; Gold Creek at AU00 was discharging 70 cfs. During 
this time period, the lake above SQ4 began to overflow and 
contribute to Pikes Peak Creek. Most irrigation canals were 
full. Griffen Creek was still occasionally being used to
Approx. SRP Lood Sources
G W  Into God Cr. (lO.OS)^_ _ _ _ _ fPtas Pk *  Cr. (10.05Q
Grfffan Cr. (BO.OS)
15-30
Figure 15b. Approximate contributions of tributaries and 
groundwater to surface flow and SRP load in the Gold Creek 
Basin in May 1990. Arrows indicate irrigation diversions.
6?
■Crtffan Cr. (25.0X)
Figure 15c. Approximate contributions of tributaries and 
groundwater to surface flow and SRP load in the Gold Creek 
Basin in June and early July 1990. Arrows indicate 
irrigation diversions.
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return irrigation water to Gold Creek, but its load was a 
smaller fraction of the total load at the mouth (15-50%) in 
part because of the large amount of water in Gold Creek 
itself. Pikes Peak Creek became a more important load (20- 
30%) because of the addition of overflow lake water. The 
upper basin water that remained in the channel contributed 
about 15% of the total load. The remaining load (30 to 40%) 
probably came from groundwater and returning irrigation 
water (possibly high in SRP if it were channeled through 
Griffen Creek).
Figure 15d represents conditions on 7/24, 8/2, 8/17,
9/4, 9/23, and 10/2. The concentration of SRP at the mouth 
of Gold Creek at this time was consistently above 0.100 
mg/1. Presumably groundwater, an important source at this 
time of low surface flows, elevated the SRP levels. Upper 
basin Gold Creek water (low in SRP) was completely diverted 
and the flow from the lakes in the tailings pile decreased 
and finally ceased. Griffen Creek did not receive large 
amounts of irrigation water, but still contributed between 
30 and 50% of the total load. The load in Griffen Creek is 
from groundwater surfacing as springs in that drainage. The 
remaining load (50-70%) was also from groundwater. Of that 
groundwater, 20-40% of the total volume was surfacing in the 
Pikes Peak drainage and approximately 30% in the Gold Creek 
drainage. Hence, all water in the Gold Creek channel was 
groundwater that surfaced in the lower basin.
Approx. SRP Load Source*
Grfff* Cr. (40.0*)
Figure 15d. Approximate contributions of tributaries and 
groundwater to surface flow and SRP load in the Gold Creek 
Basin in late July, August, September, and early October 
1990. Arrows indicate irrigation diversions.
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Figure 15e shows the measured flows and loading on 
10/20/90. There were only three small irrigation diversions 
at this time. Griffen Creek contributed only 15.5% of the 
total load at the mouth of Gold Creek. The upper Gold Creek 
Basin contributed 4.4% and Blum Creek 0.1%. The remaining 
load came from groundwater directly entering Pikes Peak 
Creek and Gold Creek channels which contributed a combined 
80% of the total load and 65% of the total flow at the mouth 
of Gold Creek. The groundwater that surfaced in Pikes Peak 
Creek had a SRP concentration of 0.068 mg/1. The 
groundwater SRP concentrations were calculated to be 0.069 
mg/1 between AU1 and AU2, 0.098 mg/1 between AU3 and AU5, 
and 0.095 mg/1 between AU5 and AU6 . The concentration of 
surface water at the mouth of Gold Creek was 0.068 mg/1.
The concentration dropped from the high levels in August and 
September because upper basin water (low in SRP) was no 
longer being diverted.
During this study, groundwater and Griffen Creek appear 
to be the most important sources of SRP loadings to Gold 
Creek. While Griffen Creek loads from May to early July 
appear to be elevated by irrigation-related erosion 
(addressed in next section), the fact that the springs that 
feed Griffen Creek had higher levels of SRP than the creek 
itself suggests a significant geologic source of the high 
SRP.
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PtW« Pa* Cr. (15.5X)
Cr. (15.5*)
Figure 15e. Measured contributions of tributaries and 
groundwater to surface flow and SRP load in the Gold Creek 
Basin on October 20, 1990. Arrow indicates irrigation 
diversion.
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During the late summer and fall, the bulk of the SRP 
load in Gold Creek is from groundwater. Another possible 
anthropogenic effect influencing P concentrations is the 
complete dewatering of Gold Creek by irrigators. More 
groundwater may be entering the creek during late summer and 
fall than would under natural flow conditions. The lack of 
water in the creek channel may act to increase the SRP-rich 
groundwater movement into the channel. This possibility, 
however, was not investigated in this study.
The total load of SRP in kg/day at the mouth of Gold 
Creek during 1990 was very dependent on discharge. In June, 
when discharge was near its highest, the load was at its 
highest. To see how Gold Creek's SRP load affects the Clark 
Fork River, the ratio of SRP load in Gold Creek to that in 
the Clark Fork River at the Gold Creek bridge (one mile 
downstream from the confluence with Gold Creek) was compared 
to the ratio of flow in Gold Creek to that in the Clark Fork 
River. Figure 16 shows these ratios for 2 water years of 
data from Oct. 1988 to Oct. 1990. In the winter and spring, 
the fraction of the Clark Fork's SRP load from Gold Creek is 
low and fairly consistent with the flow ratio. In the summer 
and fall, however, the load ratio is much higher than the 
flow ratio. It is during this time period that Gold Creek 
has the highest potential of impacting the Clark Fork River.
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Figure 16. A comparison between the percent of Clark Fork 
River flow from Gold Creek and the percent of Clark Fork 
River SRP load from Gold Creek from October 1988 to 
September 1990 (Data is from the Montana Water Quality 
Bureau).
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SEDIMENT
While the source of P in the Gold Creek Basin appears to 
be predominantly geologic, human activities may be 
increasing the P concentration of surface waters by eroding 
sediment from tributary drainages high in P and by lowering 
stream levels which may increase groundwater inflow.
Two turbid creeks, Blum and Griffen, drain the ridge on 
the west side of the Gold Creek Basin. Their bed materials 
resemble those of Dunkleberg Creek which drains the other 
side of the ridge and flows into the Clark Fork River. 
Dunkleberg Creek has been noted as having high natural 
turbidities (USDA, 1976). All three creeks originate in and 
drain Cretaceous sedimentary rock.
Cattle present along the creeks stir up the fine bottom 
sediment, and irrigation water occasionally channeled 
through Griffen Creek causes increased erosion of the stream 
bank and bed sediment. During this study, when no 
irrigation water was added to Griffen Creek, the SRP load 
(kg/day) only increased slightly between GF1 and GF3, 
probably because of the addition of more groundwater. 
However, when irrigation water was channeled through the 
creek (mostly in May and June), the total load nearly 
doubled. On days when excess water was allowed to return to 
Gold Creek via Griffen Creek, Griffen Creek was responsible 
for 50 to lOOSfc of the load into the Clark Fork River. The
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unaccountably high loads of P in Griffen Creek and the lower 
SRP/TP ratio and fluctuating SRP concentrations in Blum 
Creek suggest that sediment may be releasing SRP and TP into 
the water.
Sediment is known to readily release and adsorb P 
(Golterman, 1973a). The adsorption/desorption of phosphate 
on surfaces of suspended particles takes place in two steps. 
The first sorption step is very quick (minutes to hours) and 
easily reversible (Froelich, 1988). In fact, Logan (1982) 
concludes the release of soluble P is nearly instantaneous 
in a dilute electrolyte. The second sorption step, solid 
diffusion into the particle, takes much longer. The first 
step is what is responsible for P "playing hide-and-seek 
with [the] experimentalist" and never actually being found 
in equilibrium with a solid state (Froelich, 1988).
Phosphate is a highly particle-reactive element and a 
phosphate buffer mechanism seems to exist in natural water- 
sediment interactions. The phosphate buffer mechanism 
essentially consists of a "large pool of phosphate on 
inorganic particles available for release to solution should 
conditions change to promote desorption" (Froelich, 1988).
A similar behavior exists in sediment-water interactions in 
lakes. Golterman (1973b) notes "most sediment in lakes is 
capable of adsorbing large amounts of phosphate from the 
water, while desorption takes place when the phosphate 
concentration in the water falls."
76
There is a large volume of literature discussing what 
controls the sorption of phosphate as this subject is of 
great interest to the agricultural community. Because of 
the complexity of the subject, however, individual 
researchers have not drawn many definitive conclusions. For 
instance, the rapid adsorption/desorption, while slightly pH 
dependent, has been found to occur at all pH values 
(Golterman, 1973b). In general, however, adsorption 
increases as the ionic strength of the solution increases, 
unless there are abundant anions which compete with the P 
for adsorption sites (Froelich, 1988).
The amount of phosphate sorbed seems to be primarily a 
function of the amount of clay in the sediment (Froelich, 
1988). Clays are selectively transported and contain more P 
than silts or sands (Logan, 1982). Froelich (1988) suggests 
that the sorption of P to clay may be dominated by Fe and A1 
hydroxides.
The amount of P desorbed from sediment has been measured 
by numerous methods. Basically, a certain amount of 
sediment is mixed for a certain amount of time with a 
solution and the amount of P released to the solution is 
measured. Unfortunately, there is no standard method. The 
extraction solutions experimentalists use range from 
deionized water, dilute electrolytes, weak acids and bases, 
to the natural water of interest. Froelich (1988) cautions 
that any "experiment run under conditions different from
7?
those in nature cannot be easily extrapolated to the field." 
In view of this and the lack of standardization in the 
literature, it seems wise to imitate as close as possible 
the natural conditions of interest.
Luchessa (1990) determined the desorbable P from 
streambank sediments of the Clark Fork River upstream from 
Gold Creek. He used filtered Clark Fork River water and a 
concentration of 500 mg/1 which is approximately the upper 
limit of total suspended solids in the Clark Fork River 
during high flows. Sediments were extracted for 8 hours on 
a reciprocating shaker. Luchessa also ran some extracts 
with deionized water. The Clark Fork River streambank 
sediments released an average of 3 pg SRP/g sediment.
I repeated Luchessa's procedure with bank sediment from 
Griffen Creek (stations GF1 and GF2) and Blum Creek (station 
BLO) and one sample of Cabbage Patch lake beds (outcrop at 
station PP3) that actively erode into Pikes Peak Creek 
during high flow. Sediment samples were extracted for 1 
hour on the reciprocating shaker. For extraction water I 
used both deionized water and filtered Gold Creek irrigation 
water that is channeled through Griffen Creek. On 6/8/91 
the Gold Creek extract water was filtered in the field after 
collection from an irrigation canal with upper basin Gold 
Creek water diverted between AUO and AU1. The conductivity 
of the irrigation water was 112 fiS/cm, the pH 8.5, and the
SRP concentration 0.009 mg/1. Other chemical properties 
were not measured.
Based on the two sample t test, the amount of SRP 
extracted in deionized water extracts did not differ 
significantly from that extracted in the filtered irrigation 
water which resembles a dilute electrolyte. Hence, data from 
the two types of extracts were pooled.
Table 8 shows the median ug SRP desorbed per gram 
sediment2 for all extracts of both composite samples at each 
location. Variablility is high overall, with each site 
having 1 outlier on the high end. The bank sediment in Blum 
and Griffen Creeks contains rapidly extractable SRP and 
releases much more SRP than did the Clark Fork River bank 
sediments extracted by Luchessa. The Cabbage Patch lake 
beds from PP3 appears to contain very little extractable SRP 
by this method and actually adsorbed some SRP from the 
irrigation water. Therefore, the source of P in the Gold 
Creek Basin, while associated with the lake beds spatially, 
may not be the lake beds.
Table 9 presents the pH, percent organic matter, and
textural classification for the composites at each site.
2The SRP desorbed is typically reported as ug SRP desorbed 
per gram sediment, but most experimentalists do not use 1 
gram of sediment in the extraction. Converting experimental 
values to ug SRP/g sediment requires a linear extrapolation 
which is not automatically justified. That is, 1 gram of 
sediment does not necessarily release twice as much 
phosphate into one liter of water as 0.5 grams of sediment.
I report my values as îg/g only to facilitate comparison 
with other studies.
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Table 8. Median SRP desorbed per gram sediment for 4 sites.
Site Median SRP Maximum Minimum number of
desorbed (ug/g) desorbed desorbed samples
GF1 42 66 32 7
GF2 30 74 18 7
BLO 44 64 28 4
PP3 -1 10 -8 3
Table 9. Percent organic matter, pH, and textural analysis for 
composite sediment samples at each site.
Site % organic pH Textural analysis
GF1 Composite 1
matter
7.6 6.98 feel method: sandy clay loam
Composite 2 7.0 6.73 sol 1 survey: gravelly loam
GF2 Composite 1 4.1 7.30 feel method: silty clay loam
Composite 2 3.7 7.87 soi 1 survey: clay loam
BLO Composite 1 9.5 6.41 feel method: clay loam
Composite 2 10.1 6.40 soi 1 survey: clay loam
PP3 Composite 1 2.2 8.02 feel method: sandy clay
soil survey: gravelly clay
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The clay content of the sediment analyzed ranged from 25-55% 
based on the textural classifications. The presence of clay 
may be responsible for the high levels of desorbable SRP, 
but sample PP3 had considerable clay and, on average, did 
not desorb any SRP.
The Cabbage Patch lake beds at PP3, however, were not 
deposited by P-rich springs that surface in the Pikes Peak 
Creek channel, whereas the sediments in Blum and Griffen 
Creeks most likely were deposited by these P-rich creeks 
because of aggrading conditions caused by beaver dams. The 
clays in Blum and Griffen sediment may be saturated with P 
and in equilibrium with the high TDS spring water, but may 
readily release SRP into lower TDS water (Gold Creek and 
deionized water). The lake beds, on the other hand, may not 
be saturated in P and, therefore, readily adsorb SRP from 
the water.
The lower Gold Creek Basin soils are generally basic 
because of Tertiary calcareous parent materials (Powell 
County Soil Survey, unpublished). As expected, the pH is 
inversely associated with the percent organic matter, with 
BLO and GF1 sediments having the lowest pH and highest 
percent organic matter. P-rich particles may actively 
dissolve in the lower pH sediment.
Most well-drained mineral soils have 0 to 6% organic 
matter (Brady, 1990). BIO and GF1 sediments have a higher 
than normal percent organic matter (7.0-10.1%). Organic
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matter is positively associated with nitrate in sediment 
(Brady, 1990), and may be responsible for the higher nitrate 
levels observed in Griffen and Blum Creeks.
The source of the P in Griffen and Blum sediment is 
probably geologic. The sediment may have a P-rich parent 
material and/or may have adsorbed a great deal of P from P- 
rich surface water or groundwater which passed over or 
through the sediment. When only P-rich spring water is 
flowing over Griffen Creek sediment, the SRP load does not 
increase as the water moves downstream. However, when low 
conductivity, P-poor Gold Creek water is diverted through
Gr Creek, sediment is eroded and the SRP load
increases. This load increase may be the result of the 
sediment releasing SRP into the water.
GOLD CREEK IMPACTS TO THE CLARK FORK RIVER
The Clark Fork River was sampled 10 times above and 
below Gold Creek from July until October, 1990. The 
upstream station was 4 miles upstream from Gold Creek, but 
below the Little Blackfoot River. The downstream site was 
at the Gold Creek bridge, 1 mile downstream from the 
confluence with Gold creek.
A paired comparisons sample t test performed on SRP 
concentrations of the 10 samples taken above and below Gold 
Creek" tested the alternative hypothesis that SRP
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concentrations increased below Gold Creek against the null 
hypothesis that the concentrations remained the same. The 
results gave t=1.841 and p<.05, rejecting the null 
hypothesis. The average increase in the SRP concentration 
is not large (0.001mg/l), but the Gold Creek flow was only 2 
to 5 percent of the Clark Fork flow at the Goid Creek bridge 
during this sampling time. USGS historic data shows that 
Gold Creek provides approximately 5 percent of the Clark 
Fork flow during the year.
The TP concentrations fluctuated greatly and the 
difference in TP above and below Gold Creek did not differ 
significantly from zero at the 95% confidence level. In 
fact, on average, TP decreased in the Clark Fork River after 
passing Gold Creek (-0.002mg/l). The fact that the TP did 
not increase as the SRP increased supports the hypothesis 
that Gold Creek, which has a high SRP/TP ratio, was 
responsible for the slight increase in SRP in the Clark Fork 
River.
It is surprising that the SRP concentration in the Clark 
Fork River did not increase more than observed because 
theoretically (using actual loads) it should have. This 
discrepancy may be due in part to 1) the distance between 
sample locations in the Clark Fork River, and 2) rapid 
uptake of P by algae along this stretch of the Clark Fork 
River.
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REGIONAL IMPLICATIONS
High SRP levels of geologic origin in the Gold Creek 
Basin suggest that high P levels may be natural in this 
region of the Clark Fork Basin. Flint Creek, the major 
drainage west of Gold Creek, has also been noted for its 
elevated P concentrations (Ingman, 1991). Figure 17 is a 
plot of Si versus SRP for USGS monthly chemical data on 
Flint Creek for April 1972-April 1973. Although not a 
strong association, Si does appear to increase with SRP. 
Three points that do not fit on the rough line represent 
days that TP was also high. One these three days, the high 
SRP relative to Si may be from an increase in high-runoff 
related P. The other 9 sample days indicate Flint Creek 
may receive much of its SRP from groundwater.
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Figure 17. Association between Si and SRP in Flint Creek, 
April 1972-March 1973. Data from the USGS.
CONCLUSION
I believe that much of the P in Gold Creek comes from 
groundwater that is naturally rich in P. The evidence that 
supports this claim is as follows:
1) Positive association between Si and SRP and between F 
and SRP in surface waters and groundwater.
2) Presence of high SRP concentrations in springs 
upgradient of irrigated hay fields and pastures, stable 
yards, and houses.
3) Fairly constant SRP concentrations in spring-fed 
tributaries.
4) Groundwater SRP concentrations are as high or higher 
than surface water SRP concentrations.
5) The lack of a positive correlation between N and SRP 
in surface waters and groundwater.
6) The negative relationship between SRP concentrations 
and flows.
There are at least four possible scenarios of how P is 
entering the groundwater: 1) Groundwater and/or Pikes Peak
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Creek water entering the cavern is dissolving P directly 
from the Phosphoria Formation. 2) Groundwater is dissolving 
P from volcanic material in Cretaceous sedimentary rock. 3) 
Groundwater is dissolving P from volcanic material in the 
Tertiary lake beds. 4) Erosion of the Phosphoria Formation 
and/or volcanics has dispersed P-rich material throughout 
the basin in recent sediments and soils.
The first scenario is direct groundwater leaching of the 
subsurface Phosphoria Formation rich in P. The Permian 
Phosphoria Formation lies stratigraphically above the 
Pennsylvania Madison Limestone. Water entering the 
limestone cavern in the Pikes Peak Creek drainage most 
likely comes in contact with the Phosphoria Formation before 
it resurfaces and this water may be leaching P. The 
formation was broken and faulted during the Laramide Orogeny 
and probably weathered during the Cenozoic. Water could 
move relatively rapidly throughout the basin along faults 
and recharge local springs.
The caverns make the Gold Creek Basin unusual in that 
large volumes of water move into the groundwater system in 
near proximity to the Phosphoria Formation. This may 
explain why other Flint Creek Range drainages that also 
transect the Phosphoria Formation do not have high SRP 
levels in the water. The cavern may also be bringing large 
amounts of water in contact with the Cretaceous sediments. 
The snowmelt in the spring and early summer would send 6.5
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to 7 pH water immediately into the groundwater via the 
cavern and could provide the driving force in dissolution 
unless the water remains in contact with the limestone long 
enough to be buffered.
The second scenario is that groundwater is picking up P 
as it moves through the Cretaceous sedimentary units rich in 
volcanics. The Cretaceous sedimentary rocks exposed in the 
Gold Creek Basin include the Dunkleberg Member, a volcanic- 
rich siltstone. This member is not distinguished by Mutch 
(1961), but outcrops along the ridge between Griffen and 
Dunkleberg Creeks according to Gwinn (1961) as part of the 
Colorado Group stratigraphy. If it is present in much of 
the Gold Creek Basin, it, too, may be contributing P. 
Volcanics may be the source of the high Si levels observed 
in some springs and wells.
This scenario appears plausible, but I have little 
evidence to either support or refute it. Blum Creek and the 
uppermost spring of Griffen Creek (GFOO) originate in 
Cretaceous material and at the contact between the 
Cretaceous rock and Cabbage Patch lake beds respectively. 
Crevice Creek, however, also originates and bisects the 
Cretaceous rock, but does not have high P levels.
Another possible scenario is that groundwater is 
leaching P from the volcanics mixed with the Tertiary 
Cabbage Patch lake beds. P-rich springs, occurring along 
the geologic contact of the lake beds and other units,
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indicate the P is, at least, spatially associated with the 
lake beds. In addition, wells finished in the lake beds are 
high in P.
There are indications, however, that the lake beds are 
not the source of P. When extracted, lake beds from site 
PP3 did not release any SRP (although this one sample may 
not be representative of the entire formation); Blum Creek 
has high SRP before the water comes in contact with the lake 
beds; and, finally, two wells situated on thick benches of 
lake beds have lower P concentrations than the other wells 
in the lake beds, indicating that the P is moving into the 
lake beds from neighboring geologic units and active 
drainages rather than being leached from the the lake beds 
themselves.
It seems most plausible that P-rich groundwater moves 
into the lower basin through either Quaternary sediments or 
through the Paleozoic and Cretaceous sediments, and it 
surfaces when it contacts the lake beds because of their 
lower permeability. The P-rich water could still move some 
distance into the lake beds near geologic contacts and 
active drainages.
The final scenario is that erosion of the Phosphoria 
Formation, Cretaceous rocks, and Tertiary sediments over 
geologic time has dispersed P throughout the basin and into 
the soils and recent glacial sediments which are now 
releasing P as the rock particles dissolve. The Phosphoria
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Formation and Cretaceous rocks outcrop at high elevations 
and would serve as a source for the entire basin. Evidence 
supporting this hypothesis is that the creek sediment has 
extractable P in it and P is present in waters at low 
elevations where the sediment has accumulated. However, the 
Phosphoria Formation and Cretaceous sediments have been 
eroded throughout the Flint Creek Range, but only Gold Creek 
has such high SRP levels.
The glacial material does not appear to be releasing P 
because of the following reasons: 1) Two wells finished in 
glacial material had very low SRP concentrations. 2) Gold 
Creek flows 6 miles in glacial material before SRP 
concentrations rise. 3) Blum and Griffen Creeks have no 
glacial material in their respective drainages, but the P 
concentrations in these surface waters are high. 4) Other 
creeks draining the Flint Creek Range with similar glacial 
activity and the Phosphoria Formation and Cretaceous rocks 
in the higher elevations do not have high SRP levels.
Many of the characteristics of the Gold Creek Basin 
resemble those of a basin in Costa Rica described by Pringle 
et al (1990). They found high P in groundwater that 
surfaced where the mountain mass met the coastal plain and, 
therefore, correlated P with elevation. They also found SRP 
to be highly variable between springs (as I have at Gold 
Creek). Likewise, SRP was positively correlated with 
conductivity and major ions, not correlated with nitrate,
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and SRP concentration increased as discharge decreased.
Their results indicated to them that "deep groundwater 
inputs, rich in P and other dissolved solids, ... surface at 
breaks in landform along faults and/or where the foothills 
of the central mountain range merge with the coastal plain."
The similarities between the Costa Rica study and the 
Gold Creek study suggest to me that the first two scenarios 
I described may be most likely. Gold Creek is receiving 
groundwater rich in P and other dissolved solids that is 
surfacing where the mountain mass meets the valley fill 
material.
Distinguishing the actual source of geologic P in any 
future study may be difficult. If the P is from the 
Phosphoria Formation, the groundwater must still move 
through the Cretaceous sediments before surfacing in the 
lower basin. The groundwater, therefore, would have 
chemical characteristics of both the Paleozoic and the 
Cretaceous rocks.
Regardless of the exact source of P, the definite 
possibility that its high level is from natural geologic 
weathering has implications for the Clark Fork Basin. A 
significant part of the SRP in the Clark Fork River in this 
region and in Flint Creek may come from groundwater 
naturally high in SRP. While management of pollution 
sources such as town sewage disposal can and should 
concentrate on reducing the discharge of nutrients to the
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Clark Fork River, it should be recognized that this will 
only reduce one source of P and that a high background P 
level may always exist.
The background P load is, however, being increased by 
irrigation practices. Sediment along Griffen Creek has 
extractable P and irrigation water channeled through the 
creek is eroding sediment. The irrigation water, low in TDS, 
is presumably extracting P from the sediment. In addition, 
the complete dewatering of Gold Creek may change the 
hydraulic gradient and cause P-rich groundwater to move into 
the empty channel. In other words, P-rich groundwater may 
be "milked out" of the basin by irrigation dewatering.
Based on Water Quality Bureau data from July 1989 to 
June 1990, Gold Creek provided 1263 kg/yr SRP to the Clark 
Fork River. This load was 17% of the total kg/yr that the 
Clark Fork River carried past the Gold Creek Bridge during 
the same time period. Based on the stoichiometry of average 
marine plankton (Cio6H263°110N16pl)> 1263 kg of SRP could 
theoretically grow approximately 239,100 kg of algae in the 
Clark Fork River.
The P concentrations in the Clark Fork River are 
influenced by Gold Creek and reductions in the P 
concentrations in Gold Creek may reduce the P concentrations 
in the Clark Fork River and algae growth. Modifications in 
irrigation practices could reduce the SRP load to the Clark 
Fork River.
RECOMMENDATIONS
The SRP load from Gold Creek to the Clark Fork River 
might be reduced by the following changes: 1) decreasing 
erosion in Griffen Creek and Blum Creek, 2) decreasing 
irrigation return flow that has been contaminated with 
Griffen Creek water, and 3) increasing the amount of low-P 
upper basin Gold Creek water that remains in the channel.
The following actions might accomplish these changes:
1) Gold Creek water should be transported over Griffen 
Creek and not routed through it. In other words, if Griffen 
Creek were not used as an irrigation conduit, the erosion of 
sediment would be greatly reduced and the SRP load should be 
reduced in the creek and in the irrigation return flow.
2) The Montana Department of Fish, Wildlife and Parks 
(1986) has recognized Gold Creek to be a valuable spawning 
ground in the upper Clark Fork basin. Because of its silty 
substrate, Griffen Creek appears relatively unimportant to 
fish. Rather than completely dewatering Gold Creek,
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Griffen Creek could be partially or completely diverted for 
irrigation. Its nutrient load would benefit the hay fields. 
The diversion of Griffen Creek just above its confluence 
would make it possible to allow at least 2-4 cfs to remain
in Gold Creek along the stretch that was completely diverted
during July, August, and September. This water would 
benefit fish as well as dilute P concentrations in the lower 
Gold Creek sections. In addition, the presence of water in 
the Gold Creek channel may influence the hydraulic gradient 
and, therefore, possibly decrease the amount of P-rich 
groundwater that enters the stream.
Completely removing the load from Griffen Creek by 
diverting the creek for irrigation would likely reduce Gold
Creek's SRP load to the Clark Fork River by 40% during the
low water months of July, August, and September which is 
also the time the Clark Fork River is most influenced by 
Gold Creek. A 40% reduction in Gold Creek's load during the 
low water summer months could reduce the Clark Fork River 
load at the Gold Creek bridge from 5 to 15%. Under normal 
flow conditions, this load reduction would theoretically 
result in an SRP concentration reduction of 0.001 to 0.004 
mg/1 in the Clark Fork River at the Gold Creek Bridge.
Reducing the suspended sediment and erratic flows in 
Griffen Creek may encourage beavers to recoIonize the creek, 
further trapping sediment. As long as the creek remains an
irrigation conduit, however, the ranchers will probably not 
permit beaver dams to exist.
3) Sprinkler systems could replace the less efficient 
flood irrigation methods to a) reduce the amount of low-P 
upper basin water diverted from Gold Creek, b) reduce the 
amount of P-rich groundwater that flows into Gold Creek to 
replace the diverted surface water, and c) decrease the 
amount of irrigation water that returns to Gold Creek after 
potentially picking up P from the soil during infiltration.
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APPENDIX A.
Interferences in the SRP analysis
When finding high concentrations of P in natural waters 
with no apparent P source, it is necessary to consider the 
possibility of a positive interference in the analytical 
procedures. Both silica and arsenic can cause positive 
interferences in the colorimetric SRP analysis. While most 
methods handbooks mention the possibility of interference, 
few agree over the concentration required to interfere or 
the extent of the interference. For instance, Strickland 
and Parsons (1968) claim that silica causes no interference 
and arsenic interference is negligible in the ascorbic acid 
method.
A simple analytical method can test for arsenic 
interference (Johnson, 1971). Arsenate interferes but 
arsenite does not so arsenate must be reduced to arsenite 
with sodium metabisulfite before the colorimetric reagent is 
added. I reproduced this procedure in the lab with 8 Gold 
Creek watershed samples. The reduced samples had 88 to 105% 
of the P originally measured in duplicate samples. This 
suggested that there was very little, if any, arsenic 
interference in the water.
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A 10 fig/1 solution of arsenate produces the same color 
as a 5 fig/1 solution of PO4 (Goulden and Brooksbank, 1974), 
so if the P measured in the Gold Creek samples were actually 
arsenic, the arsenic concentration would be very high (up to 
1 mg/1). The 1986 USGS water sample of Gold Creek had only 
a trace amount of arsenic and the Clark Fork River at the 
Gold Creek Bridge also has only a trace of arsenic.
Generally, it is agreed that only high concentrations of 
silica (over 100 mg/1) can cause interference (Campbell and 
Thomas, 1970 and Kimerle and Rorie, 1973). Campbell and 
Thomas (1970), however, do note that silica concentrations 
of 1-45 mg/1 can cause errors in P determinations in the low 
fig/I range.
In order to double check my P values, I had CAMAS Labs 
at the University of Montana analyze duplicate samples for P 
and Si using an ICAP. The ICAP P detection limit was 0.05 
mg/1 so samples with P lower than this were not comparable 
with my methods, but of the five samples with P values 
higher than this, CAMAS lab reported P concentrations of 100 
to 115% of the concentrations obtained by the ascorbic acid 
method (Table 1). As expected, ICAP values were generally 
higher than the ascorbic acid values because the ICAP 
measures all soluble P (including soluble organic P) while 
the ascorbic acid method only measures SRP.
103
TABLE 1. P in mg/1 analyzed by two different methods.
Sample SRP ICAP
(Ascorbic 
acid method)
AUO 0.006 < .05
AU6 0.103 0.11
CV1 0.015 < .05
PP2 0 . 120 0.13
SQ2 . . 0.072 0.09
GFOO 0.500 0.57
BLO 0.073 0.06
10^
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APPENDIX B
GOLD CREEK BASIN MONITORING, APRIL TO OCTOBER, 1990.
DATE ♦SITE SRP TP FLOW SRPLOAD TPLOAD SRP/TP Cond ;mg/1 mg/1 cfs mg/sec mg/sec % uScm
4/16 0 AUO 0.004 0.043 40.0 esti 4.5 48.2 9
5/5 0 AUO 0.005 0.039 25.8 3.6 28.2 13
5/19 0 AUO 0.003 0.065 28.3 2.4 51.5 5
6/3 0 AUO 0.005 0.036 65 .4 9.2 65.9 14
6/3 0 AUOO 76.0
6/24 0 AUO 0.004 0.031 70.0 esti 7.8 60. 8 13
7/4 0 AUO 0.005 0.020 45.4 6.4 25 .4 25
7/18 0 AUO 0.005 0.014 22.0 3.1 8.6 36
8/2 0 AUO 0.006 0.017 20.0 esti 3.4 9.5 35 80 8
8/17 0 AUO 0.007 0.020 8.4 1.6 4.7 35 102 8
8/17 0 AUOO 0.012 0.019 10.0 3.4 5.3 63
9/4 0 AUOO 0.006 0.006 16.3 2.7 2.7 100 118 8
9/23 0 AUOO 0.006 0.009 12. 3 2.1 3.1 67 130 8
10/20 0 AUOO 0.006 0.006 10.7 1.8 1 . 8 100 95 8
9/23 AUSPRING 0.009 0.027 < .01
4/16 1 AU1 0.009 0 .165 43.0 esti 10.8 198.7 5
5/5 1 AU1 0.008 18.7 4.2 0.0
5/19 1 AU1 0.020 0.063 2.1 1.2 3.7 32
6/3 1 AU1 0.013 0.088 9.4 3.4 23.2 15
6/24 1 AU1 0.017 0.047 21.5 10. 2 28. 3 36
7/4 1 AU1 0.020 0.020 8.5 4.8 4.8 100
7/18 1 AU1 0.020 0.036 <0.1Sampled irrigation canal
8/2 1 AU1 NO H20 <0.1
8/17 1 AU1 NO H20 <0.1
9/4 1 AU1 NO H20 <0.1
9/23 1 AU1 NO H20 <0.1
10/20 1 AU1 0.01 0.015 7.0 2.0 67 118 8
4/16 2 AU2 0.018 0.071 45.0 esti 22.7 89.5 25
5/5 2 AU2 0.016 0.054 18.0 8.1 27.2 30
5/19 2 AU2 0.021 0.070 5.2 3.1 10. 2 30
6/3 2 AU2 0.024 0.059 26.3 calc 17.7 43.4 41
6/24 2 AU2 0.028 0.052 23. 5 calc 18.4 34.2 54
7/4 2 AU2 0.037 0.045 20.0 esti 20.7 25.2 82
7/18 2 AU2 0.045 0.057 3.0 3.8 4.8 79
8/2 2 AU2 0.052 0.064 4.0 esti 5.8 7.2 81 173
8/17 2 AU2 0.049 0.064 4.6 6.3 8.2 77 219 8
9/4 2 AU2 0.053 0.048 4.5 6.6 6.0 110 233 8
9/23 2 AU2 0.050 0.038 3.4 4.8 3.6 132 249 8
10/20 2 AU2 0.026 0.028 9.6 7.0 7.5 93 119 7
4/16 3 AU3 0.020 0.092 47.0 esti 26.3 121.1 22
5/5 3 AU3 0.019 20.8 11.1 0.0
5/19 3 AU3 0.036 0.078 7.6 7.7 16.7 46
6/3 3 AU3 0.020 0.069 32.6 18.3 63.0 29
6/24 3 AU3 0.058 0.084 20.0 esti 32. 5 47.0 69
7/4 3 AU3 0.062 0.076 17.0 29.5 36.2 82
7/18 3 AU3 0.052 0.084 7.3 10.6 17.2 62
N03
mg/1
0.01 
1 0.01 
2 0.04 
0.01
0
0
1 < .01
0 0.01
0.05 
2 0.04 
0 
1
5 0.04
0.01
DATE ♦SITE SRP TP FLOW
mg/1 mg/1 cfs
8/2 3 AU3 0.063 0.084 9.0
8/17 3 AU3 0.075 0. 095 10. 8
9/4 3 AU3 0. 068 0. 071 11.6
9/23 3 AU3 0.066 0.057 7.0
10/20 3 AU4 0.035 0.047 11.9
10/20 3 AU3 13.3
8/17 5 AU5 0.106 0.131
9/4 5 AU5 0.100 0.111
9/23 5 AU 5 0.090 0.084 13.3
10/20 5 AU5 0.061 0.065 17.0
4/16 6 AU6 0.030 0.265 50.0
5/5 6 AU6 0.036 31.3
5/19 6 AU6 0.057 0.150 16.6
6/3 6 AU6 0.077 0.412 40. 3
6/24 6 AU6am 0.089 0.129 42.0
6/24 6 AU6pm 0. 103 0.138 42.0
7/4 6 AU6 0 .095 0.120 34.0
7/18 6 AU6 0.102 0.125 17.6
8/2 6 AU6 0.103 0.123 17.5
8/17 6 AU6 0. 110 0.133 15.0
9/4 6 AU6 0. 150 0.185 8.3
9/23 6 AU6 0.101 0.099 14.4
10/20 6 AU6 0.068 0.089 21.4
Griffen Creek :Drainage
4/16 7 GF1 0.356 0.465 0.3
5/19 7 GF1 0.370 0.444 0.6
6/3 7 GF1 0.280 0.380 2.8
6/24 7 GF1 0.340 0.424 3.0
7/4 7 GF1 0.396 0.433 2.0
7/18 7 GF1 0.470 0.500 1.2
8/2 7 GF1 0.486 0.6
8/17 7 GF1 0.524 0.518 0.2
9/23 7 GF1 0.500 0.500 0.5
10/20 7 GF1 0.203 0.283 1.0
4/16 8 GF3 0. 175 0.245 1.0
5/5 8 GF3 0.150 8.0
5/19 8 GF3 0.232 0.268 5.0
6/3 8 GF3 0.218 0.280 11.0
6/24 8 GF3 0.222 0.272 5.5
7/4 8 GF3 0.164 0.190 3.0
7/18 8 GF3 0.174 0.198 1.5
8/2 8 GF3 0.225 0.253 4.0
8/17 8 GF3 0.242 0.265 4.0
9/4 8 GF3 0.245 0.256 3.0
9/23 8 GF3 0.241 0.244 1.5
10/20 8 GF3 0.224 0.259 1.0
10/27 GF3sprin 0.157 0.209
SRPLOAD TPLOAD SRP/TP Cond PH
mg/sec mg/sec % uScm
esti 15.9 21. 2 75
cal c 22.7 28.7 79 265 0.03
22.1 23.1 96 292 8.0
12.9 11.2 116
11.7 15.7 74 185 8.0 0.03
0.0 81 275 8.4 0.03
0.0 90
33.5 31. 3 107
29. 0 30. 9 94 200 8.0 0.04
esti 42.0 371.0 11
31.6 0.0
26.5 69.7 38
86.9 464. 9 19
104.7 151. 7 69
75
90.4 114. 2 79
50.3 61.6 82 0.01
esti 50. 5 60. 3 84 8.0 0.02
46. 2 55.9 83 335 8.4 0.01
34. 9 43.0 81 492 8.1
40.7 39.9 100 350 7.9
40. 7 53 -3 76 227 8.1 < .01
3.4 4.4 77
6.2 7.5 83
irri 22.0 29.8 74
irri 28.6 35.6 80
22.2 24. 2 91
15.8 16. 8 94 0.09
8.2 0.0 0.05
2.9 2.9 101 600' 8.3 0.12
7.0 7.0 100 650 8.2
irri 5.7 7.9 72 221 8.0
4.9 6.9 71
irri 33.6 0.0
irri 32.5 37.5 87
irri 67.1 86.2 78
irri 34.2 41.9 82
13.8 16.0 86
7.3 8.3 86 0.05
25.2 28.3 89 0.09
27.1 29.7 91 335 8.2 0.28
20.6 21.5 96 375 8.1
10.1 10.2 99 367 8.1
6.3 7.3 86 300 7.9 0.05
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DATE #SITE SRP TP FLOW SRPLOAD TPLOAD SRP/TP Cond pH
mg/1 mg/1 cfs mg/sec mg/sec % uScm
5/5 9 GFO 0.460 <.01
7/18 9 GFO 0.500 0.550 <.01 91
8/2 9 GFO 0. 500 0.540 <.01 93 7.8 0.05
9/4 9 GFO 0.430 0.500 <.01 86 380 7.7
9/23 9 GFO 0.285 0.313 <.001 91 385 7.9
Pikes Peak Drainage
5/19 10 PPOO 0.003 0.008 8.0 estimate 38
8/17 10 PPOO 0. 007 0.008 6.0 estimate - 88 68 8.0 0.01
9/23 10 PPOO 0.008 3.0 estimate 78 8.0
10/20 10 PPOO 0.005 0.008 6.0 esti 0.8 55 7.9 0.01
10/7/89 PP#6 0.022 <.01
6/24 11 PPO 0.023 0.036 7.0 4.5 64
4/16 11 PP1 0.035 0.068 51
5/5 11 PP1 0.039 <0.1
5/19 11 PP1 0.052 0.085 0.1 61
6/3 11 PP1 0.060 0.252 0.3 24
7/4 11 PP1 0.067 1.0
8/17 11 PP1 0.059 0.069 86 248 7.7 0.04
4/16 12 PP2 0.086 0.150 1.0 2.4 4.2 57
5/5 12 PP2 0.120 0.5 1.7 0.0
5/19 12 PP2 0.124 0.142 0.6 2.1 2.4 87
6/3 12 PP2 0.106 0.129 2.0 5.8 7.0 82
6/24 12 PP2 0.038 0.053 8.3 8.8 12 . 3 72
7/4 12 PP2 0.094 0.099 2.0 5.3 5.5 95
7/18 12 PP2 0.111 0.109 1.3 4.0 4.0 100 0.02
8/2 12 PP2 0.120 0.134 0.8 2.7 3.0 90 7.8
8/17 12 PP2 0.113 0.129 0.5 1.6 1.8 88 420 8.5 < .01
9/4 12 PP2 0.128 0.128 0.7 2.5 2.5 100 400 6.0
9/23 12 PP2 0.141 0.147 0.7 2.6 96
10/20 12 PP2 0.150 0.168 0.5 2.1 2.4 89 350 7.6 0.01
5/19 PPX 0.138
9/23 * * *PP2LF 0.270 0.266 0.2 1.5 1. 5 820 6.5
10/20 13 PP2LF 0.257 0.265 0.1 0.7 0.7 610 8.3 0.02
9/23 13 PP2RT 0.112 0.100 0.5 1.6 1.4 359 7.6
10/20 13 PP2RT 0.102 0.129 0.4 1.1 1.4 79 220 7.8
4/16 13 PP3 0.076 0.175 43
5/5 13 PP3 0.089
5/19 13 PP3 0.107 0.250 43
6/3 13 PP3 0.104 0.128 81
6/24 13 PP3 0.054 0.106 66% diverted 51
7/4 13 PP3 0.099 0.113 90% diverted 86
7/18 13 PP3 0.108 0.123 95% diverted 68 < .01
8/2 13 PP3 0.109 0.123 89
9/4 13 PP3 0.107 0.109 98 550 8.3
9/23 13 PP3 0. 108 0.101 107 590 8.6
10/20 13 PP3 0.112 0.126 0.5 1.6 69 405 8.3 < .01
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DATE ♦SITE SRP TP FLOW SRPLOAD TPLOAD SRP/TP Cond pH
mg/1 *9/1 cfs mg/sec mg/sec % uScm
4/16 14 PP4 0.120 0.186 65
5/5 14 PP4 0.131 0.1
5/19 14 PP4 0.130 0.156 0.2 83
4/16 15 PP5 0.064 0.113 2.6 4.7 8.2 57
5/5 15 PP5 0.075 2.4 5.0 0.05/19 15 PP5 0.062 0.156 1.6 2.8 7.2 406/3 15 PP5 0.068 0.112 5.8 11.0 18.2 616/24 15 PP5 0.074 0.102 14.0 29.0 40.0 73
7/4 15 PP5 0.070 0.091 18.0 esti 35.3 45.9 777/18 15 PP5 0.077 0.094 10.0 esti 21.6 26.3 82
8/2 15 PP5 0.085 0.108 6.0 14.3 18.1 79
8/17 15 PP5 0.103 0.128 6.2 17.9 22.2 80 320 8.3
9/4 15 PP5 0.095 0.119 5.0 13.3 16.7 80 1
9/23 15 PP5 0.083 0.083 3.5 8.1 6.1 100
10/20 15 PP5 0.068 0.081 3.3 6.3 7.5 84 322 8.06/3 PHI 0.057
6/3 SQO 0.063
6/3 SQ1 0.065
5/19 16 SQ2 0.055 0.089 0.5 0.8 1.2 62
6/3 16 SQ2 0.054 2.0 3.0
6/24 16 SQ2 0.054 0.5 0.8
8/2 16 SQ2 0.072 0.090 0.3 0.6 0.8 80 8.0
8/17 16 SQ2 0.087 0.108 0.2 0.5 0.6 81 260 8.4
9/4 16 SQ2 0.092 0.087 0.2 0.4 • 106 283 8.3
9/23 16 SQ2 0.079 0.078 0.4 0.9 0.9 101 355 8.5
10/20 16 SQ2 0.072 0.064 0.3 0.6 0.5 220 8.3
5/19 17 SQ4 NO H20 0.0
6/3 17 SQ4 0.044 4.3 5.3 0.0
6/24 17 SQ4 0.050 0.068 8.0 esti 11.2 15.2 74
7/4 17 SQ4 0.053 0.059 12.0 esti 17.8 19.8 90
7/18 17 SQ4 8-10CFS
8/2 17 SQ4 0.046 0.067 6.0 esti 7.7 11.3 69 8
8/17 17 SQ4 0.040 0.064 6.0 ESTI 6.7 10.8
9/4 17 SQ4 0.044 0.061 5.0 esti 6.2 8.5 72 202 8.1
9/23 17 SQ4 0.022 0.037 0.4 esti 0.2 0.4 59 252 8
10/20 17 SQ4 NO H20 0.0
Blum drainage
4/16 18 BL1 0.022 0.223 2.5 1.5 15.6 10
6/24 18 BL1 0.072 0.140 2.0 4.0 7.8 51
7/4 18 BL1 0.077 0.119 0.7 1.5 2.3 65
7/18 18 BLO 0.077 0.130 0.2 0.4 0.7 59
8/2 18 BLO 0.073 0.136 0.2 0.4 0.8 54 7.9
8/17 18 BL1 0.159 0.178 0.2 0.7 0.7 89 200 8.4
9/4 18 BLO 0.080 0.097 0.1 0.2 82 335 8.1
9/23 18 BLO 0.074 0.118 0.8 1.7 2.6 63 310 8.1
10/20 18 BLO 0.041 0.057 0.2 0.2 0.3 205 8.1
Crevice drainage
8/2 19 CV1 0.015 0.024 0.5 62 8.1
8/17 19 CV1 0.015 0.025 0.3 60 8.3
9/23 19 CV1 0.015 0.015 100 8.1
10/20 19 CV1 0.008 0.012 0.4 0.1 0.1 67 192 8
5/5 19 CV1 2-3CFS
0.02
0.01
0.03
0.02
0.03
0.04
0.15
0.08
0.03
0.06
0.08
0.03
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